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ABSTRACT 
 
         The main objective of this study was to evaluate the effects of seasonal 
changes in thermal environment and pregnancy on the physiological responses 
of crossbred dairy cows (Butana x Friesian). Also, it was intended to examine 
the nycthermal changes in physiological parameters in high and low producing 
cows under local tropical conditions. 
 In experiment 1, crossbred multiparous dairy cows were divided into 
four groups according to reproductive state (empty, early, mid and late 
pregnancy). The cows were exposed to a normal grazing programme under 
natural summer and winter conditions. The rectal temperature (Tr) and 
respiratory rate (RR) were significantly higher during summer than during at 
different stages of pregnancy; there was an increase in Tr and RR with the 
advance of pregnancy. The packed cell volume (PCV) and haemoglobin 
concentration (Hb) were significantly higher in summer; however, both 
parameters decreased in late pregnancy. The cows had higher total leukocyte 
count (TLC) in winter only during early pregnancy. The TLC was 
significantly higher in winter compared to the respective summer value in 
early pregnancy. For all experimental groups serum levels of glucose, 
cholesterol, triglycerides and urea were significantly higher during summer 
than winter. Plasma glucose levels decreased with the advance of pregnancy. 
There was a tendency for decrease in triglyceride level with the advance of 
pregnancy. The urea level tended to be higher during early pregnancy in both 
seasons. The activity of serum aspartate aminotransferase (AST) was higher, 
while alanine aminotransferase (ALT) was lower in empty group and late 
pregnancy during summer than during winter. The ALT activity increased 
significantly with the advance of pregnancy and the AST level was 
  
iv
significantly higher during late pregnancy in both seasons. Serum calcium 
(Ca) level was higher in the empty group and mid pregnancy and serum 
phosphorus (P) level was lower in all experimental groups during summer. 
There was a decrease in Ca level and an increase in P level with advance of 
pregnancy. Serum magnesium (Mg) level was significantly higher during 
winter in empty and early pregnancy. Serum thyroid stimulating hormone 
(TSH) was elevated in summer than in winter. Serum triiodothyronine (T3) 
was higher in summer, and there was slight decrease with the advance of 
pregnancy in both seasons. Serum thyroxine (T4) was lower in summer in all 
groups. Serum cortisol increased in response to summer heat load, and was 
higher during late pregnancy in both seasons.  
 
In experiment 2, twelve crossbred (Butana x Friesian) empty 
multiparous dairy cows were selected and divided into two groups (high and 
low producing dairy cows). The nycthermal changes in physiological 
parameters were monitored for 48 hours. Rectal temperature (Tr) increased in 
the afternoon (12:00 p.m.) in both groups. The high producing cows 
maintained higher Tr values during the course of the study. Respiratory rate 
(RR) was increased the afternoon in both groups of cows; the high producing 
cows maintained higher RR values than low producing cows. Heamatocrit 
and Hb concentration were slightly higher in high producing cows than in low 
producing cows. Serum levels of glucose, cholesterol and triglycerides 
showed no significant diurnal variation in both groups of cows. Serum urea 
concentration showed relative instability in both experimental groups. Serum 
levels of glucose, cholesterol, triglycerides and urea were lower in high 
producing cows than in the low producing cows. AST and ALT showed 
irregular diurnal variation in the both high and low producing cows. The high 
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producing cows maintained slightly higher aminotransferase enzymes 
activity. Serum cortisol level was higher at 12:00 p.m and 6:00 p.m. 
compared to values monitored in the morning (6:00 a.m.) and night (12:00 
p.m). The cortisol level was higher in high producing cows than in low 
producing cows. Serum insulin level did not reveal significant diurnal 
variation in both groups of cows. High producing cows maintained higher 
serum insulin level than in the low producing cows. 
 
The results indicated that under local tropical conditions when the 
temperature humidity index (THI) exceeds 75 during summer, dairy cows 
were exposed to heat stress conditions which affect thermoregulatory 
response, serum metabolite level and endocrine responses that could impact 
negatively productivity and reporoductivity performance. The stage of 
pregnancy had significant influence on thermoregulation, erythrocytic 
parameters, serum levels of Ca, P and cortisol. 
The nycthermal effect did not influence most of the parameters, 
because there was no critical change in climatic conditions during the course 
of the study. High milk yield influenced thermoregulation, blood constituents 
and endocrine responses. 
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CHAPTER ONE 
 
 
INTRODUCTION AND LITERATURE REVIEW 
 
 
1.1. Dairy production under Sudan tropical condition s 
           Sudan is the largest African country, occupying an area estimated at one 
million square miles, with great variation in climatic conditions. Marked 
seasonal changes are encountered in temperature, rainfall, relative humidity and 
wind velocity. The country is also endowed with diverse agricultural 
environment which is determined by climate and animal resources and human 
population density (AOAD, 1984). 
           Livestock constitute an important component of the agricultural sector, 
with production mainly based on traditional pastoral systems. Approximately 
90% of the livestock in the Sudan is reared under traditional pastoral production 
systems. The current estimates put the total animal population at about 40,49, 
42 and 37 million head of cattle, sheep, goat and camels, respectively (FMAR, 
2005). The animal population in the Sudan generally follows the diversity of 
rainfall and vegetation, with the exception of highly developed agricultural 
regions such as the Gezira area and the schemes along the White and Blue Nile 
banks (Saeed et al., 1987) 
           Indigenous breeds of zebu cattle (Bos indicus) in the tropical regions 
have been known for their low inheritance productivity; they are well adapted 
to the local environmental conditions. They have high tolerance to heat stress 
and are able to survive long periods of feed and water shortage (El-Amin and 
Osman, 1971). However, they show correspondingly low performance level 
demonstrated by a low juvenile growth rate, late sexual maturity, low milk 
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yield and long calving interval. A number of factors have been reported to 
affect milk production in the tropics. These factors include genetic, climatic, 
disease, feeding, year of calving and managerial factors (Payne and Wilson 
1999; Msanga et al., 2000). Animal factors such as breed, age, stage of 
lactation, parity and even milking frequency, have also been reported to affect 
milk production (Tekerli et al., 2000; Johnson et al., 2002). 
           Among the cattle population in Sudan, Kenana and Butana are 
promising indigenous milk breeds, which under improved feeding and 
management yield more than 1500 kg milk per lactation (Saeed et al., 1987, 
El-Habeeb, 1991; Musa et al., 2005). Kenana cattle homeland is located at a 
triangular area bounded by Sennar, Singa, Roseiries and Kosti, while the Butana 
cattle are found in the Butana plain between the Blue Nile and Atbara River 
(AOAD, 1984).  
              Recently, the demand for liquid milk has increased with the rise in 
human population; therefore improvement of dairy cattle has become of 
paramount importance. Attempts to introduce exotic breeds into the Sudanese 
local breeds have resulted in relative improvements of the overall average 
productivity (Musa et al., 2005). Early attempts for improvement of dairy cattle 
in Sudan started by grading-up of local breeds, by introduction of foreign blood 
in the herd of the Army Veterinary Department in 1907. Another attempt was 
done in the Gezira scheme where a group of six young-bred bulls (five Friesian 
and one Shorthorn) were dispatched in 1928 with the objective of improvement 
in the local breed (Sudan Veterinary Annual Report, 1982). 
           The attempts of crossbreeding trials have been reported by many studies. 
Osman and Russell (1974) reported that the total life time yield of increased 
with rise in percentage of European blood up to 75% at standard management, 
while Ali (1988) suggested that 50% Friesian-Holstein blood would be the 
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grade of choice under Sudan tropical conditions. Cunningham and Syrstad 
(1987) reported on the advantage of crossing European dairy cattle with 
indigenous breeds; the performance of different grades vary from one 
environment to the other. Philipsson (1992) stated that in many parts of the 
developing countries the use of semen of exotic breeds has greatly enhanced the 
production of milk, mainly by crossbreeding with indigenous cattle breeds. He 
also indicated that in adapting cross breeding systems, the aim is to optimize the 
simultaneous use of both additive and non- additive (heterosis) sources of 
genetic variation. 
1.2.   Effect of heat on productivity of dairy cows 
Climatic factors such as air temperature, solar radiation, relative 
humidity, air flow and their interactions, often limit animal performance 
(Sharma et al., 1983). Exposure to severe heat stress conditions decreases the 
thermal gradient between an animal and the environment, which minimizes 
non- evaporative heat dissipation. Exposure of lactating dairy cows to heat 
stress ultimately produces a collective reduction in the rates of metabolism, 
feed intake and milk production, and an increase in the respiratory rate and 
core body temperature that result in a significant loss of productivity during 
summer months (Armstrong,1994). Heat stress affects two of the most 
economically important segments of the dairy farm business, milk production 
and reproduction. Milk yield can be reduced by 3 to 20% or more and 
conception rate may approach 0% in extreme cases of heat expose (Wagner 
and Oxenreider, 1972). On the other hand, feed intake can be reduced by 8 to 
12% or more, and any decrease in feed intake will be associated with a 
consequent decrease in milk production (Kabuga, 1990). 
Quantifying direct environmental effects on milk production is difficult 
as milk production is also strongly affected by other factors such as 
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nutritional management (Fuquay, 1981), that may or may not be directly 
linked to environmental factors. Johnson (1976) reported declines in the 
productions of milk and fat as a direct result of high environmental 
temperature. This is associated with the negative effects of heat stress on the 
secretary function of the udder (Silanikove, 1992). McDowell et al. (1976) 
reported that milk production was reduced by 15%, accompanied by a 35% 
decrease in the efficiency of energy utilization for productive purposes, when 
a lactating Holstein cow is transferred from an air temperature of 18 to 30 ºC. 
Milk fat, solids-not-fat (SNF), and milk protein percentages decreased 39.7, 
18.9 and 16.9%, respectively. In addition, Johnson (1976) attributed 3–10% 
of the variance in lactation milk production to climatic factors. The point on 
the lactation curve at which the cow experiences heat stress is also important 
for the total lactation yield. Cows are less able to cope with heat stress during 
early lactation (Bucklin et al., 1991). Heat stress at the initiation of lactation 
negatively impacts the total milk production. Furthermore, Sharma et al. 
(1983) concluded that climatic conditions appeared to have maximum 
influence during the first 60 days of lactation. During early lactation period 
high producing cows are in negative energy balance and usually make up for 
the energy deficit by mobilizing body reserves. In addition, in Holstein’s 
cows under subtropical climatic conditions, milk yield per lactation was lower 
in summer than winter (Barash et al., 1996). Summer temperatures in the 
subtropical Mediterranean region are generally above the thermoneutral zone 
of dairy cows and consequently result in heat stress. 
The reproductive performance of dairy cows is influenced by climatic 
stress. Heat stress reduces conception rate, decreases duration and intensity of 
oestrus and alters circulating concentrations of oestradiol and follicular 
dynamics (Trout et al., 1998). Moreover, Cavestany et al. (1985) 
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demonstrated that seasonal high environmental temperatures were associated 
with low breeding efficiency due to a variety of factors. High summer 
temperature above the thermoneutral zone of cattle drastically reduced 
conception rate and presumably increased embryonic loss (Gwazdauskas et 
al., 1981). Berman et al. (1985) reported reductions in thermoregulatory 
ability during exposure to heat stress as a result of selection for milk 
production, which magnifies the seasonal depression in fertility caused by 
heat stress (Al-Katanani et al., 1998). Nebel et al. (1997) found that Holstein 
cows in oestrus during summer have 4.5 mounts per oestrus compared to 8.6 
mounts in winter. Wilson et al. (1998) indicated that heat stress caused a 
reduction in the peripheral concentrations of oestradiol-17ß at oestrus. On the 
other hand, Wolfenson et al. (1995) reported that heat stress caused an 
increase in peripheral concentrations of oestradiol-17ß between day 1 and 4 of 
the oestrous cycle and a reduction from day 4 through 8 and 11 through 21 of 
the oestrus cycle. 
Heat stress also affects the oestrous cycle and ovulation in dairy cattle. 
Badinga et al. (1993) found that heat stress beginning on the day of ovulation 
reduced the diameter and volume of the dominant follicle on day 8 of the 
oestrous cycle. Wolfenson et al. (1997) found that heat stress from day 3 to 5 
of the oestrous cycle increased and reduced estradiol-17ß concentrations in 
the follicular fluid of the dominant follicle collected. Hansen and Arechiga 
(1999) described that the physical lethargy produced by heat stress and poor 
detection of oestrus as major reasons for reduced expression of oestrus and 
reduced numbers of cows eligible for embryo transfer. In addition, Hansen 
(1997) reported that the deterioration of bull fertility caused by heat stress 
was another cause of reduced fertility during summer in hot regions. 
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1.3.  Effect of pregnancy on physiological responses of dairy cows. 
1.3.1 Thermoregulation 
  
  Temperature can be defined as a measure of the molecular motion; 
there is usually a limit beyond which the biochemical processes and tissues 
are deeply affected and even damaged (Berman et al., 1985). Enzymes are 
also dependent on temperature changes, their activity can be altered by 
temperature as well as the activities of their substrate. If the temperature 
changes persist, protein synthesis and degradation can also be altered. 
Physiologically, animals can be affected both by low and high temperatures. 
Animals have two patterns of body temperature. The earliest terms used to 
separate these patterns were simply "warm-blooded" and "cold-blooded 
animals". Then the terms poikiloterm and homeotherm were applied to 
animals according to the constancy of their body temperature (Hoar, 1966). 
Currently, the terms "endothermic" and "ectothermic" animals are adopted, 
referring to the heat sources they use. Ectotherms depend mostly on external 
heat sources (mainly the sun), while endotherms depend basically on their 
inner metabolical heat. 
The period of intrauterine development is termed pregnancy or 
gestation and is defined as the interval between the implantation of a fertilized 
ovum in the uterus and the expulsion of the foetus and its associated 
membranes (Catchpole, 1991). Pregnancy may influence the 
thermoregulatory response of cattle. Metcalfe (1988) indicated that during 
pregnancy in the cows, reversible changes occur in maternal homeostasis that 
alters body weight and temperature. Freetly and Ferrell (1997) determined the 
pattern of oxygen consumption by the portal vein-drained viscera and liver 
during pregnancy to estimate the contribution of this tissue to the increase in 
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energy requirements. They reported an increase in energy requirements 
during pregnancy; approximately 60% of the increase in heat production was 
associated with gravid uterus. 
During pregnancy, the changes in circulating hormones have also been 
reported to influence the body temperature of animals. In several animal 
species that have been investigated, there is about 0.5–1°C reduction in 
maternal temperature toward the end of pregnancy (Laburn et al 1992; Fewell 
1995). Birgel et al. (1994) determined the correlation between serum 
progesterone concentrations and the body temperature of cows before calving, 
and reported that changes in serum progesterone concentrations and body 
temperature could be used to predict time of calving within a 22-h period. 
Moreover, Echternkamp (1984) reported that conception influence the 
circulating hormones (oestrogens) levels, which may affect the body 
temperature of cows. 
The hormones triiodothyronine (T3), thyroxine (T4) and cortisol may 
influence the body temperature. The secretion of thyroxine (T4), 
adrenocortical hormones and sex hormones may increase basal metabolic rate 
about 15% during mid and late pregnancy (Guyton, 1993). Generally, 
triiodothyronine (T3) and thyroxine (T4) enhance oxygen consumption and 
heat production (Lammoglia et al. 1997). The authors reported that there was 
no significant increase in the levels of (T3), (T4) and cortisol during late 
pregnancy in cows. However, the authors indicated that (T3) has a negative 
effect on body temperature during prepartum period.  
Prostaglandins are widely distributed in the brain, and PGE2 has been 
reported to induce hyperthermia by acting at the hypothalamic level (Oka and 
Hori, 1994). Because PGF2α is an antagonist of PGE2, PGF2α may act at the 
hypothalamic level to decrease body temperature. Lammoglia et al. (1997) 
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found that the concentration of PGE2 increased as parturition approached in 
cows. 
The previous observations indicated that pregnancy has a marked 
influence on thermoregulation in cows. This effect is induced through 
alteration of heat balance by increasing heat production in the body and heat 
increment of conceptus. Hormonal changes that occur in the body during 
pregnancy also influence body temperature. 
 
1.3.2.   Blood constituents 
1.3.2.1. Erythrocyte indices and total leukocyte count 
Pregnancy is one of the physiological conditions leading to remarkable 
and dramatic changes in haematological and biochemical variables in all 
animal species. Dairy cows are at high risk of metabolic and reproductive 
disorders and oxidative stress is considered to be involved in these events 
(Turk et al., 2005). The values of packed cell volume (PCV) and haemoglobin 
concentration (Hb) are altered when blood volume changes; they can even be 
misleading if haemodilution or haemoconcentration occurs (Swenson, 1993). 
Studies in dairy cows indicated that the PCV and Hb concentration 
increase during pregnancy (Baqi and Rahman, 1987; Rajora and Pachauri, 
1994). Similar results were reported in sheep (Anosa and Ogabongue, 1979; 
Hassan et al., 1987). This pattern was attributed to better nutrition to mitigate 
the stress of pregnancy or due to increased oxygen requirement in pregnant 
animals. EL-sherif and Assad (2001) reported that the wide difference 
between pregnant and dry ewes in haematological parameters throughout the 
middle and late stage of pregnancy might indicate the higher need for oxygen 
consumption to meet the requirements of higher metabolic rate for pregnancy. 
The increase in PCV and Hb concentration may also be associated with 
 9
erythrocyte release from the spleen (Kumar, 2000) or due to changes in 
erythrocyte stimulating factor (ESF) release which is governed by the 
relationship between the oxygen demand of tissues and the amount of oxygen 
carried  by the blood (Jain, 1996). Rowlands et al. (1975) have also reported 
variation in PCV with the stage of lactation and/or gestation. The increased 
PCV in advanced stage of pregnancy has also been observed by Angelino et 
al. (1977), whereas Rajora and Pachauri (1994) could not find any significant 
difference in PCV between prepartum and postpartum cows. On the other 
hand, significant decreases in PCV level and Hb concentration have been 
reported in cattle during pregnancy (Hassan and El-nouty,1985). Similar 
results were also reported in ewes (Fortagane and Scharef, 1989). This pattern 
was attributed mainly to pregnancy-induced haemodilution associated with 
increase in blood volume and mobilization of erythrocytes into foetal 
circulation (Singh et al., 1991). However, El Nouty et al. (1986) reported a 
lower Hb concentration in high yielding cows and attributed this response to 
increased Hb requirement of mammary tissues for milk synthesis and 
concomitant rise in blood flow to mammary glands.  
The leukocytic profile has been investigated during different stages of 
pregnancy in dairy cows. Studies by Kornmatitsuk et al. (1997) reported 
constant number of leukocytes and neutrophils up to two weeks before 
parturition in Holstein dairy heifers with slight decrease in lymphocytes and 
eosinophils during the last week of pregnancy and after parturition. The 
increase in leukocyte count during pregnancy has been attributed to a number 
of reasons (oestrogen secretion, raised plasma cortisol and increased parity) 
(Guidry et al., 1976; Awodu et al., 2002). However, Aikhuomobhogbe and 
Orheruata (2006) reported a non significant change in neutrophils, 
lymphocytes, monocytes and eosinophiles. On the other hand, a decrease in 
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lymphocytes observed by Feldman et al. (2000) was attributed to increased 
physiological stress during pregnancy leading to the lymphopenia. 
The leukocytic profile pattern in dairy cow during pregnancy was 
previously investigated during transitional period of pre- and postpartum. It 
has been reported that the total blood leukocyte counts increase markedly on 
the day preceding the calving (Paterson, 1957). Merrill and Smith (1954) 
found that lymphocytes and eosinophils numbers increased and neutrophils 
decreased while monocytes did not show any definite change up to 10 days 
postpartum. The mean total leukocyte count and absolute blood lymphocyte 
counts as well as the neutrophil counts dropped sharply after parturition and 
then increased gradually toward the 20 days after parturition (Hussain and 
Danial, 1992). Saad et al. (1989) found that the number of blood lymphocytes 
decreased before and at parturition, returning to a higher level during the 
second week postpartum. Leukocyte counts in ewes indicated that the 
percentage of neutrophils rose during gestation to 60% of the TLC and then 
declined to 45% by day 14 of lactation (Ullrey et al., 1965). Conner (1967) 
indicated that the stage of gestation did not have a noticeable effect on the 
leukocyte count. 
 
1.3.2.2   Blood metabolites and minerals 
Pregnancy is associated with endocrine changes that influence the 
metabolic profile in dairy cows. Concurrent with shifts in endocrine profile 
are metabolic changes that facilitate diversion of nutrients away from 
maternal stores toward milk synthesis and nurturing of the newborn. During 
this critical period, feed intake is at the lowest point of the lactation–gestation 
cycle (Grummer et al., 2004). 
Ammonia (NH3) is the chief end product of protein hydrolysis in the 
rumen (Elshazly, 1958). The ammonia absorbed from digestive tract is 
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efficiently converted by the liver into urea and should therefore reflect dietary 
status of the animal (Cizuk, 1973). Lane and Campbell (1966) using Guernsey 
cows indicated that the blood urea nitrogen decreased with the advance 
pregnancy. This suggests that with enhanced body and foetus protein deposits 
during late pregnancy, the level of dietary nitrogen may need to be increased, 
if blood urea levels are to be maintained. Recently, Abdullah et al. (2008) 
reported different urea concentration during different stage of gestation and 
reported increase in plasma urea concentration between the 3rd and 7th months 
of lactation and gestation; the plasma urea concentration also increased 
significantly in the 8th month, when the cows reach the dry period; that was 
attributed to increase in energy requirement to meet high milk production. 
Increase in NH3 concentration occurs due to amino acid degradation in the 
liver, and consequently causes a rise of the urea concentration in the plasma.  
Several studies reported that urea concentration is affected mainly by 
nutritional factors. Harris (1995) indicated that plasma urea concentration 
below 26 mg/dL is due to a lack of low crude protein (CP) or rumen 
digestible protein (RDP) in the ration, while urea concentrations above 39 
mg/dL may be a result of an excessive dietary CP or DPR in the ration or 
insufficient amount of fermentable energy in the rumen. Westwood et al. 
(2000) found that, although the plasma urea concentration increased in 
postpartum cows fed two different diets containing the same CP but different 
RDP levels, the increase in plasma urea concentration in cows fed diets 
containing high RDP level was remarkably higher. 
Blood glucose in ruminants is derived principally from 
gluconeogenesis of amino acids, propionate and lactic acid, and to a lesser 
extent butyric acid (Heitman et al., 1973). Propionate derived from rumen 
fermentation is considered to be the major gluconeogenic precursor in 
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ruminants (Young et al., 1965). Marked progressive decrease in blood 
glucose level during pregnancy was reported in cows (Tainturier et al., 1984), 
in goats (Mbassa and Poulson, 1991), and in ewes (Hassan et al., 1987). The 
decrease in blood glucose level with the approach of parturition was attributed 
to mobilization of maternal glucose into foetal circulation through an active 
transport process across the placenta (Parakash and Tendon, 1978). The 
authors added that the decrease in the glucose level was related to maternal 
glucose being released during involution of the uterus due to expulsion of 
foetus. Also it may reflect an urgent requirement of the mother for readily 
available energy at parturition. Moreover, Tainturier et al. (1984) attributed 
the decrease in the concentration of glucose at the end of pregnancy to a 
relative poor diet, a higher energy requirement for foetal anabolism, or the 
progressive appearance of foetal insulin. Foetal insulin was reported to pass 
into the maternal blood flow (Steinke and Driscoll, 1965), but it was not 
reported in the cows; even if insulin is less active in the cow than in the other 
species it could add its hypoglycaemic effects to those of regimen and foetal 
anabolism.  
Enzymes are a group of proteins of particularly great biological 
importance. The activity of these catalysts facilitates chemical processes 
involved in metabolism in the body (Rochling, 2001; Berg et al., 2006). 
Enzymes are evaluated by enzymatic profile tests, a reduced enzymatic 
activity has no diagnostic significance. An increase in activity is directly 
proportional to the degree of damage suffered by an organ (Kawashima et al., 
2007). The negative energy status in dairy cattle mostly appears during three 
situations: in late pregnancy, in the first weeks of lactation, and during disease 
(Cebra et al., 1997). According to Tainturier et al. (1984) the activity of 
aspartate aminotransferase (AST) and gamma-glutamyltransferase (GGT) 
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enzymes shows occasional irregular, small changes during pregnancy and 
early lactation, while the activity of alanine aminotransferase (ALT) 
decreasesd significantly in the 7th and 8ht month of pregnancy and at the 
beginning of lactation. El-ghoul and Hofmann (2002) determined significant 
differences in the activity of GGT and AST; in late pregnancy, GGT showed 
a significant decrease in activity, while the activity of AST in this period was 
much higher than in the first week after birth. 
 
 
Calcium (Ca) is one of the important macro-minerals found in the animal 
body. With phosphorus (P) Ca is classified as one of structural components of 
the skeleton. About 99% the Ca and 80% of  P are stored in the animal body 
in the skeleton as a constituent of bone and teeth (Schuette and Linkswiler, 
1984). Variations in blood Ca are small except in the peri-parturient period 
and have no relationship with dietary intake due to strong homeostatic control 
mechanism (Whitaker, 1997). Ca and P were measured in blood plasma of 12 
Bengal goats at different stages of pregnancy and lactation. Ca and P were 
found to be significantly higher in pregnancy than in lactation; plasma Ca was 
significantly higher in early than late pregnancy and in late than early 
lactation (Uddin and Ahmed, 1984). During the late stage of pregnancy and 
during lactation the concentration of Ca in plasma was reduced (Halloran and 
Deluca, 1980). Similarly it was shown that during lactation in dairy cows, Ca 
was transferred from the plasma into milk with the result that Ca 
concentration dropped (Ballantine and Herben, 1989).   
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1.3.2.3 Endocrine responses 
Pregnancy is regulated by chemical messengers called hormones. They 
are produced in endocrine tissues such as the ovaries, pituitary, hypothalamus, 
embryo and uterus. Hormones are generally released into the blood to be 
transported to their site of action, or target tissue, where they are recognized 
by special receptors and cause a change in function of the tissue. Thyroid 
hormones are important regulators of mammalian development, cellular 
differentiation and metabolism. Early studies demonstrated that the milk yield 
increased by iodinated hormones (Moore, 1958). Serum thyroxine (T4) 
increased in cows as lactation advanced, while serum triiodothyronine (T3) 
and reverse triiodothyronine (rT3) were unchanged throughout lactation 
(Akasha et al., 1987). Furthermore, plasma T4 concentration was negatively 
correlated with milk yield in the dairy cows (Vanjonack and Johnson, 1975). 
However, contradictory reports are available on the level of thyroid hormones 
during pregnancy and species differences were reported. Henneman et al. 
(1955) and Robertson and Falconer, (1961) failed to show any significant 
change in thyroid activity in ewes during any stage of pregnancy till the time 
of parturition. Also, Bhattacharya et al. (1991) found non-significant 
differences among the mean percentage of I125 labeled T3 during late 
pregnancy in Black Bengal goats. Soliman et al. (1963) in Friesian cows 
observed increase in plasma T4 level during pregnancy. In the dromedary 
camel, Heshmat et al. (1984) reported increases in plasma T4 and T3 
concentration during pregnancy. 
 
The blood cortisol level is considered a reliable physiological endpoint 
for determining animal response to stress, and studies have examined changes 
in blood cortisol or glucocorticoid concentrations in cows under a variety of 
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conditions (Abilay et al., 1975). Because of the variability in blood cortisol 
concentration, perhaps due to the blood collection, large amounts of data are 
needed to determine statistical differences due to treatment (Adkinson et al., 
1976). Circulating corticoid level may be an indication of management 
problems in as much as elevated corticoids have been associated with 
decreased milk production (Brush, 1960). In dairy cows, cortisol is an 
important component of many physiological functions including metabolism, 
mammogenesis, lactogenesis, and galactopoiesis (Akers et al., 1981). Studies 
in sheep have identified the foetal source of cortisol as being essential to these 
processes (Thorburn et al., 1977; Liggins, 1994). In cattle, anomalies 
affecting the foetal hypothalamo-pituitary-adrenal axis have indicated that 
increasing foetal levels of cortisol are central to stimulate parturition. Earlier 
studies in cattle, concentrated on defining the peri-partum cortisol profile 
(Adams and Wagner, 1970; Edgerton and Hails, 1973; Hunter et al., 1977). 
Elaborate work over the past decades has confirmed that the foetal source of 
cortisol is central to the survival of the neonate, as well as for lactation and 
parturition (Nathanielsz, 1993; Liggins, 1994), whereas the physiological 
importance of maternal cortisol remains ill-defined. Several authors have 
reported a rise in maternal cortisol related to stress associated with labor and 
delivery (Adams and Wagner, 1970; Hunter el al., 1977). 
 
1.4  Effect of thermal environment on physiological responses of dairy 
cows 
1.4.1. Thermoregulation 
Under tropical conditions, dairy cattle are exposed to marked seasonal 
changes in thermal environment. Dairy cows produce milk most efficiently in 
environments where they can maintain their body temperature at around 38◦C 
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(Berman et al., 1985). The most comfortable environmental temperature 
range for dairy cattle is between 5 and 25◦C, which is regarded as the thermal 
comfort zone (McDowell, 1972). Within this zone, minimal physiological 
cost and maximum productivity are normally achieved (Folk, 1974). Body 
temperature is maintained by the thermoregulatory system within 1 ºC of its 
normal level under ambient conditions that do not impose heat stress (Bligh 
and Harthoorn, 1965). Tissue and cellular metabolism and the associated 
biochemical reactions that maintain life and productive functions need 
relatively stable body temperature. An increase in body temperature of at least 
1 ºC results in detectable deleterious effects on metabolism and tissue 
integrity, in particular, the breakdown of body protein and a significant 
depression in production in cattle (Berman et al., 1985). The condition where 
heat load on the body of the animal exceeds heat dissipation is called heat 
stress. Heat stress is a result of an imbalance between heat gain and heat 
dissipation, when the heat load of a cow is greater than the capacity to lose 
heat (Bianca, 1962). Cattle in general gain heat through metabolic heat 
production and environmental heat gain through solar radiation input and 
elevated ambient temperature. High relative humidity, lack of air movement 
and poor night cooling are additional factors of heat stress (Fuquay et al., 
1979). 
The dairy cow dissipates heat by evaporative and non-evaporative 
pathways. Evaporative cooling is effected through sweating and respiration 
(Berman et al., 1985). Heat stress is a function of time, temperature and 
humidity, because cows rely on water evaporation via sweating and panting to 
dissipate an excess of heat they have generated metabolically or absorbed 
from the environment (Cruz et al., 2004). The primary factors that cause heat 
stress in dairy cows are high environmental temperatures and high relative 
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humidity (West, 1995). In addition, radiant energy from the sun contributes to 
stress if cows are not shaded. As the environmental temperature increases, the 
difference between the temperature of surroundings and the body surface of 
the cow decreases and its reliance on evaporative cooling to dissipate body 
heat increases (Yousef. 1985).  
The rate of heat production of a cow is controlled by both internal and 
external factors (Andersson and Jonasson, 1993). Internal heat load is 
generated from basic functions such as respiration, digestion, as well as other 
daily maintenance requirements. These factors are influenced by stage of 
lactation, production levels, as well as quantity, quality and type of feed 
consumed (Andersson and Jonasson, 1993). 
The exchange of heat between the body and its environment is 
determined by thermal insulation and water evaporation. Thermal insulation 
is composed of tissue insulation (TI) and external insulation (EI) (Berman, 
2003). The TI represents the resistance to heat flow from body core to skin, 
and would therefore be expected to be proportional to body diameter. The 
latter is relative to body mass and may be estimated by a BW 0.33, an 
equation true for bodies of similar proportions and of different mass (Bruce 
and Clark, 1979). An interspecies equation for maximal TI [0.619 BW 0.33 
°C/m2 d Mcal (where BW is in kg)] has been suggested because closely 
similar values were obtained cattle weighing about 450 kg (Bruce and Clark, 
1979). This equation for maximal TI has been adopted in thermal exchange 
models for cattle and sheep (McGovern and Bruce, 2000; Turnpenny et al., 
2000). The EI is the resistance to heat flow from the skin to the air. The EI is 
determined by coat depth, hair weight per unit area, hair diameter, and air 
velocity (Bennett, 1964). The diameter of hair fibres, hair weight per unit 
surface and coat depth are affected by the breed of cattle (Turner and 
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Schleger, 1960), by seasonal changes in photoperiod, as well as by regional 
differences in climate (Berman and Volcani, 1961) 
 
Thermal stress and thermal relief have been assessed by measuring 
body temperature (Fuquay et al., 1979). The body temperature of dairy cattle 
shows great susceptibility to hot weather (Itoh et al., 1998). Moreover, heat 
stress increases rectal temperature, as well as respiratory rate in cattle (Marai 
et al., 1997; Itoh et al., 1998). Eigenberg et al. (1999) reported that 
respiratory rate positively correlates with ambient temperature. Gaughan et al. 
(2000) suggested using respiratory rate as an indicator of heat stress. Ronchi 
et al. (1999) found that the rectal temperature in dairy cow increased during 
the first days of exposition to a high level and then progressively fell down till 
the end of hot period. Blackshaw and Blackshaw ,(1994) also recorded a step 
rise of the rectal temperature and respiratory rate during exposure to high 
ambient temperature. However, McDowell et al. (1976) suggested that the 
temperature–humidity index (THI) could be used as an indicator of thermal 
climatic conditions. Temperature–humidity index values of 70 or less are 
considered comfortable, 75–78 stressful, and values greater than 78 cause 
extreme distress with lactating cows being unable to maintain normal body 
temperatures. Lemerle and Goddard (1986) reported that although rectal 
temperature only increased when THI was greater than 80, the respiration rate 
would begin to increase above a THI value of about 73 and would probably 
increase steeply at THI values above 80. This indicates that homeostatic 
mechanisms, including increased respiration can prevent a rise in rectal 
temperature until the THI reaches 80. This is similar to the critical THI level 
of 78 reported by McDowell et al. (1976). Usually when environmental 
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temperature exceeds the zone of thermoneutrality, milk production declines 
(Coppock, 1978). 
 
1.4.2.     Blood constituents 
1.4.2.1. Erythrocyte indices and total leukocyte count 
The measurement of clinical and hematological parameters could be 
used to evaluate welfare in cattle (Amadori et al., 1997). During exposure to 
heat, the internal resistance to heat flow from the body core to the periphery is 
reduced due to vasodilatation and increase in blood flow to facilitate sensible 
and evaporative heat loss. The rise in PCV, Hb concentration and erythrocyte 
number during hot period indicating haemoconcentration (Koubkova et al., 
2002). This response is initially induced by an increase in erythrocyte 
number, later by decrease in plasma volume (Bianca, 1971). However, 
Toharmat and Kume (1997) reported that there was no significant difference 
in PCV and Hb concentration related to change in thermal environment. In 
further studies, however, Toharmat et al. (1998) observed an increase in PCV 
values and Hb concentration in summer.  However, Lee et al. (1976) reported 
significant decreases in PCV value in dairy cows exposed to high 
temperatures, that were attributed to haemolysis. Haemodilution effect could 
also be implicated as more water is transported into circulatory system for 
evaporative cooling and heat stress influences both energy and water 
metabolism (Silanikove, 1992). Also the increases in plasma and extracellular 
fluid volume in proportion to the thermoregulatory requirement of the 
stressed cow could be involved. Cows under thermal stress tend to have 
increased water content in the rumen as a result of an accelerated water 
turnover rate (Silanikove, 1989). A reduction in oxygen transport in 
conjunction with a reduction in cellular metabolism may be involved in an 
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attempt to reduce metabolic heat production (Rousset and Cure, 1975). Other 
researchers reported that cooling of heat stressed dairy cows increased blood 
Hb concentration (Aboulnaga et al., 1989; Abdel-Samee and Ibrahim, 1992). 
 The leukocytic profile in dairy cows may be influenced by thermal 
environment. Lee et al. (1976) noted that high ambient temperature evoked 
leukocytosis in lactating Holstein cows and attributed that to change in 
differential leukocyte count as the number of circulating neutrophils is 
increased compared to lymphocytes. Hartman et al. (1974) found neutropenia 
in cows exposed to 36°C, then leukocytosis associated with neutrophiles and 
monocytes in resistance phase. Koubkova et al. (2002) found a significant 
decrease in the TLC during hot period and a significant rise in the cold period. 
 
1.4.2.2   Blood metabolites and minerals 
 The environmental factors, coupled with metabolic heat, create 
difficulties in maintaining thermal balance. This results in elevated body 
temperature, which in turn initiates compensatory and adaptive mechanisms 
to reestablish homeothermy and homeostasis. Reactions of cattle to moderate 
climatic changes generally are compensatory and are directed at maintaining 
or restoring thermal balance (Kibler and Brody, 1953). The physiologic 
mechanisms for coping with heat stress have been reviewed in previous 
studies. Blackshaw and Blackshaw (1994) reported that the responses for heat 
stress include a reduction in rate of metabolism, dry matter (DM) and nutrient 
intake, and alteration in water metabolism. The responses to heat stress often 
have negative effects on the physiology of the cow and on milk yield. 
 
 Metabolic heat production is decreased under high ambient 
temperatures in cows. The reduction in metabolism is associated with a 
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decrease in voluntary feed intake (McGuire et al., 1989; Nardone et al., 1997) 
and adaptation of endocrine mechanisms also seems to play a considerable 
role. Thyroxine (Collier et al., 1982b), growth hormone (Collier et al., 
1982a), triiodothyronine (Nardone et al., 1997), and glucocorticoids (Collier 
et al., 1982) decrease in cattle exposed to heat. These hormonal changes will 
affect the metabolic response in dairy cattle during heat stress. Christopherson 
and Kennedy (1983) and Lu (1989) reported reduced metabolism in cattle 
under heat stress, which they found to be associated with reduced thyroid 
hormone secretion and gut motility resulting in increased gut fill. Mitra et al. 
(1972) found plasma growth hormone concentration and growth hormone 
secretion rate to decline with high temperatures (35.8°C). Igono et al. (1988) 
showed that the concentrations of growth hormone in the milks of low-, 
medium-, and high-producing cows declined when the THI exceeded 70, and 
suggested a suppressed production of growth hormone in order to lower 
metabolic heat production. McGuire et al. (1991) found that plasma growth 
hormone reductions that occurred in heat stressed cows did not occur in 
thermoneutral conditions for cows fed amounts that were similar to those 
consumed during heat stress. Also working with lactating cows, Johnson et al. 
(1988) measured declines in triiodothyronine (T3) and thyroxine (T4) in 
response to heat stress, which they attributed to attempts to reduce metabolic 
heat production in the cow. 
 
Previous studies reported changes in serum metabolites during heat 
stress. Marai et al. (1995) reported that summer heat caused a significant 
decrease in serum glucose, total protein, albumin, globulin, total lipids, total 
cholesterol, creatinine and urea-N, when compared to values observed during 
winter. The authors suggested that the decrease in roughage intake, as well as 
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decrease in hepatic capacity for gluconeogenesis in the heat-stressed cattle, 
led to a marked decrease in serum components in summer. Furthermore, 
increased uptake of nutrients from the blood by the active respiratory 
muscles, together with decreased protein synthesis as a result of the 
depression in anabolic hormonal secretion, may also have contributed to the 
changes in blood metabolite in summer.  Habeeb et al. (1989) observed a 
similar depression in blood metabolite in lactating Friesian cows during 
summer.  
 
Marai et al. (1995) reported that serum concentrations of glucose, total 
protein, and BUN in Friesian were significantly lower in summer compared to 
winter values. Reduced blood glucose in a hot environment was also reported 
previously (Segura et al., 1979; Shaffer et al., 1981). This was attributed to a 
decrease in DMI, or to a decrease in gluconeogenesis. Although glucose is 
produced mainly from propionic acid in the liver; however, the concentration 
and the ratio of propionic acid in rumen fluid did not differ among the thermal 
treatments. On the other hand, Koubkova et al. (2002) found significant rise 
in glucose levels at the beginning of hot period and was related to 
hemoconcentration, but he noted that heat stress led to a slight but significant 
fall of glycaemia. Several previous studies reported hypoglycaemia in dairy 
cow exposed to heat stress (Abeni et al., 1993; Marai et al., 1995; Ronchi et 
al., 1995; Itoh et al., 1998). Roussel et al. (1971) also reported decreased 
blood glucose level in dairy cows in subtropical summer conditions and 
related this decline to the increase in respiratory rate and rapid utilization of 
blood glucose by the respiratory muscles. 
 
 23
 A decrease in serum urea level was reported in heat-stressed lactating 
Friesian cows (Shaffer et al., 1981; Segura et al., 1979; Marai et al., 1995). 
This was attributed to higher reabsorption of urea from the blood to the rumen 
so as to compensate for the decrease in ruminal ammonia-N that resulted from 
a decrease in feed intake (Alnaimy et al., 1992).  Also Kellaway and Colditz 
(1975) reported that Friesian cows responded to heat stress by increasing the 
nitrogen loss in urine and by decreasing nitrogen retention in relation to 
nitrogen intake. The authors also found that the reduction in nitrogen 
retention was associated with a decrease in RNA concentration in muscle 
tissue and an increase in the excretion rate of creatinine. On the other hand, 
increased blood urea nitrogen and urinary nitrogen concentrations with rising 
heat stress have been reported in lactating cows (White et al., 1992; Terada et 
al., 1999). The higher blood urea nitrogen at high temperature might be 
associated with a higher turnover rate of nitrogen and lower content of body 
protein at this temperature (Nonaka et al., 2008). 
 The early study by Dale and Brody (1954) suggested that heat stressed 
lactating cows might experience metabolic ketosis as energy input would not 
satisfy energy need and, thus, accelerate body fat catabolism. Incomplete fatty 
acid oxidation would produce acetoacetate, ß-hydroxybutyrate, and acetone 
which can be excreted (ketonuria). However, if they are produced more 
rapidly than excreted, they accumulate in the blood and deplete blood alkali 
reserves, possibly potentiating metabolic acidosis. This metabolic disorder 
due to heat stress decreases blood cholesterol level in hot environment. This 
reflects a greater energy demand on the animals during heat stress as has been 
reported previously (Wayman et al., 1962; McDowell, 1968; McDowell et 
aI., 1969). The negative energy balance during heat stress affects serum lipid 
profile which includes serum triglycerides.  
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One of the important blood constituents which reflect the effect of 
stress on animal body are enzymes. Studies by Boots et al. (1970) 
demonstrated that high ambient temperature enhanced significantly alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) activities, even 
in exotic crossbred of cattle (Singh and Bhattacharya, 1984). Christopherson 
et al. (1978) also reported that (ALT) and (AST) activities increased 
significantly in summer in sheep. The percentage increase in (ALT) was more 
than the percentage increase in (AST), and therefore the ALT/AST ratio 
decreased during summer. Moreover, Marai et al. (1995, 1997) reported that 
during hot season, an increase in serum transaminase enzymes activities 
occurred due to increase in gluconeogenesis in cattle. The authors also related 
the increase in transaminase enzyme activities at high summer temperatures 
to their deleterious effects on thyroid, liver and kidney. Segura et al. (1979) 
suggested that there is a marked increase in respiratory activity with heat 
stress which may cause elevation in the activity of aminotransferases 
enzymes. Increased activity in some enzymes with rising temperature may be 
due to the fact that reactions are accelerated at higher temperatures. Yeruham 
et al. (2003) reported that the increased concentration of AST in heat-stressed 
cows was associated with haemolysis and muscle damage. However, 
according to Ronchi et al. (1999), hepatic enzyme activities decreased during 
heat exposure in Holstein cattle.  
 
1.4.2.3   Endocrine responses 
The influence of environmental temperature on feed intake, production, 
and thermoregulation in the animal greatly affects the rate of heat production 
(Brody, 1945). Because of their effect on the rate of metabolism, the 
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concentrations of hormones such as thyroxine (T4), triiodothyronine (T3), 
growth hormone, and glucocorticoids, are closely related to heat production 
(Yousef and Johnson, 1966). The reductions in dry matter intake (DMI), 
along with decreases in net nutrient absorption, may contribute to decreased 
milk production during heat stress (Ragsdale et al., 1948; Worstell and Brody, 
1953; Thatcher et al., 1974; Beede and Collier, 1986; McGuire et al., 1989). 
The endocrine control of metabolism may be affected by the amount of feed 
consumed and thermal stress. Hormonal changes that occur in response to 
heat stress may play an integral role in the decline in productivity.  
 Exposure to environmental heat leads to physiological adjustments in 
cattle, which included decreased thyroid activity (Yousef and Johnson, 1967). 
The mechanisms by which environmental heat depress thyroid function are 
unclear because of limited information on thyroid stimulating hormone (TSH) 
in blood plasma of cattle under heat stress (Hart et al., 1978). Furthermore, 
there is no evidence of either reduced number of binding sites or decreased 
excretion of thyroxine T4 and triiodothyronine T3 in lactating cattle under heat 
stress. Moreover, Magdub et al. (1982) reported that the lower plasma 
concentrations and reduced excretion of T4 and T3 during heat stress are 
evidence of lower secretion rate of T4 and T3. It is not clear if the thyroid 
gland, TSH, or hypothalamic releasing factors are affected by elevated body 
temperature, by lower feed intake, or both. The relationships between thyroid 
hormone concentrations and food intake are very complex. Several studies 
have indicated that the lower concentrations of thyroid hormones are not a 
primary consequence of a lower food intake, resulting mainly from complex 
neuro-endocrine processes related to the sequential interactions among 
thermosensors, hypothalamus, adenohypophysis and thyroid (Zia-Ur-Rehman 
et al., 1982; Alnaimy et al., 1992; Silanikove, 2000). Even so, the decrease in 
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blood T3 and T4 concentrations reinforces the tendency for a depressed food 
intake (Riis, 1983). 
An increase in body heat inhibits the thyroid releasing hormone (TRH) 
secretion by the hypothalamus, consequently decreasing the TSH secretion 
from adenohypophysis, leading to a lower thyroid activity (Berman, 1968; 
Muller et al., 1994). However, in some studies, normal concentrations of TSH 
were observed with simultaneous low concentrations of T3 and T4, suggesting 
a direct effect of body heat on the thyroid metabolism, resulting, probably, 
from the stimulation of the thyroid sympathetic innervations which determine 
an inhibitory or refractory action related to the TSH (Magdub et al., 1982; 
Silva, 2000). Johnson, (1981) found that lactating cows had a 25% decline in 
plasma TSH concentration during heat exposure for 3 days. Rousset and Cure 
(1975) showed a decline in TRH because of heat. On the other hand, Hurley 
et al. (1980) showed that plasma TSH did not change during exposure to 
environmental heat. 
 High environmental temperatures reduced thyroid activity, leading to 
decreased plasma concentrations of T3 (Magdub et al., 1982). However, 
McGuire et al. (1991) suggested that the T3 concentrations may have been 
affected somewhat more by the amount of feed intake than by thermal stress. 
The authors added that the concentration of T4 increased during thermal stress 
with similar concentration of T3, and suggested that monodeiodination is 
reduced during thermal stress. Magdub et al. (1982) reported that T4 
concentrations decreased when cows were exposed to 31.2 ºC continuously 
for 10 days. However, Plasma T4 concentration has been related inversely to 
lactation intensity (Vanjonack et al., 1975; Hart et al., 1978). Also plasma 
concentration of T4 was related positively to energy balance (Refsal et al., 
1984). 
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Blood cortisol concentrations in animals subjected to the experiments 
can provide information about their physiological state, and may help in the 
interpretation of results. Stress can increase blood cortisol level with positive 
influence on the thermogenesis and negative influence on heat tolerance 
(Alfredo et al., 2008). Studies by Chowers et al. (1966) reported that high 
plasma cortisol level on the day of exposure to heat may indicate an acute 
responsive adrenocortical function due to stimulation of peripheral 
thermoreceptors in the skin resulting in activation of ACTH releasing 
mechanisms in the hypothalamus. The physiological significance of depressed 
concentration of plasma cortisol during prolonged heat exposure has been 
reported (Bergman and Johnson, 1963). This decline may suggest a 
compensatory adjustment phenomenon, a protective mechanism to reduce 
metabolic heat production by the thermogenic actions of this hormone 
(Yousef and Johnson, 1967). It is also possible that depressed plasma cortisol 
under prolonged exposure to heat reflects inactivity of the 17-hydroxylating 
enzyme in the adrenal cortex that is responsible for the synthesis of cortisol 
from progesterone, thereby enhancing the accumulation of metabolites of 
progesterone under increased ACTH stimulation, accumulated progesterone 
and limited amount of cortisol may be released from the responsive adrenal 
cortex. Elevation of plasma cortisol was noticed in hot and humid weather in 
dairy cows (Lu et al., 2003). 
 
    Plasma growth hormone concentration and secretion rate declined in 
hot environment (Mitra et al., 1972). Decreased plasma concentrations of 
growth hormone during thermal stress were also observed in dairy cows 
(Igono and Johnson, 1988), possibly reflecting suppressed production of 
growth hormone so that metabolic heat production is reduced. Plasma growth 
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hormone reductions that occurred in heat-stressed cows did not occur in 
thermoneutral conditions for cows fed restricted intakes that were similar to 
those consumed during heat stress (McGuire et al., 1991). The decrease in 
plasma growth hormone was probably a response to high temperature rather 
than to reduced nutrient intake (Igono and Johnson, 1988) 
 The changes in plasma catecholamines of animals exposed to 
environmental heat stress are of fundamental importance to understanding 
temperature-induced changes in heat production and dissipation, peripheral 
vasodilation, blood pressure, heart rate and respiratory activity (Bianca and 
Findlay, 1962; Whittow,1965), and rumen motility (Attebery and 
Johnson,1969) are examples of functional changes associated with 
thermoregulation suggesting an increase in sympathetic activity of cattle 
during exposure to environmental heat. Alvarez and Johnson, (1973) reported 
that the mechanisms of increase in plasma catecholamines during prolonged 
heat exposure might be related to decrease in binding and inactivation of 
norepinephrine, an increase in release of norepinephrine from storage vesicles 
of sympathetic nerve endings or adrenal glands, or metabolic changes leading 
to an increase in free plasma catecholamines without concomitant increase in 
sympathetic activity. The authors added that the elevation in core body 
temperature, and perhaps surface temperature, may stimulate sustained 
increase in plasma catecholamines concentration. 
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1.5    Physiological diurnal rhythms in dairy cows 
Several approaches to the elucidation of the nature of biological clocks, 
particularly circadian oscillators, have emerged over the years (Edmunds, 
1994). Circadian clocks are time-keeping systems that allow all species to 
adapt their physiology and behaviour in an anticipatory manner to the 
rhythmic changes in their environment (Delaunay and Laudet, 2002). The 
mammalian circadian timing system is composed of almost as many 
individual clocks as there are cells, and these oscillators have to be 
synchronized by a central pacemaker to coordinate temporal physiology and 
behaviour activities (Schibler and Sassone-Corsi, 2002). In mammals, the 
master clock controlling circadian rhythms resides in the suprachiasmatic 
nuclei (SCN) of the hypothalamus and is reset by light through the 
retinohypothalamic tract (Brown et al., 1970; Aschoff, 1981; Brown and 
Schibler, 1999; Berger, 2004). Numerous body functions oscillate throughout 
the 24 h, following a predictable pattern. These daily oscillations, termed 
‘circadian’, have been observed in many variables of all classes of animals 
(Brown and Schibler, 1999). Oscillation occurs as a result of an inner time-
keeping structure. In mammals, the biological clock controls the circadian 
pattern of body temperature, metabolic rate and the state of arousal, and 
amplitude of other variables and functions (Brown and Schibler, 1999). 
 
1.5.1 Thermoregulation 
The daily rhythm in body temperature is generated by an endogenous 
internal time keeping system, but exogenous factors can modify the 
expression of the rhythm (Moore-Ede, 1984). In farm animals, the body 
temperature is low in the morning and high in the evening, and is affected 
mainly by light, ambient temperature, feeding-induced thermogenesis and 
 30
motor activity (Aschoff, 1970). The rhythm appears to be generated by 
periodic variations in body heat production and heat loss and other 
thermoregulatory effectors (Moore-Ede, 1984).  
Diurnal patterns of body temperature have been observed in cattle 
(Wrenn et al. 1961; Watts 1977). The body temperature exhibits a minimum 
and maximum point once a day (Berman, 1968). Two phases consisting of an 
increasing phase that peaks at the maximum and a decreasing phase from the 
maximum to the minimum may be distinguished (Folk, 1973; Cabanac et al. 
1976); the thermoregulatory response to a given stimulus during the day and 
during the night may vary. Wrenn et al. (1961) reported that the daily body 
temperature in the bovine followed general features with elevations in the 
morning and again in the afternoon, the afternoon rise was usually higher than 
the morning peak. 
The rhythmicity of body temperature is an important process to be 
studied to advance knowledge of the temporal variability of thermal 
homeostasis and as a means to facilitate the study of biological rhythmicity in 
general (Piccione and Giannetto, 2009). In this study, the body temperature 
rhythm in Bos taurus cattle reaches its acrophase (the time at which the peak 
of a rhythm occurs) at the beginning of the scotophase (the dark phase in a 
cycle of light and darkness) .The rhythmicity of body temperature has been 
widely used as an indicator of the rhythmicity of the biological clock 
(Klerman et al., 2002). Lefcourt et al. (1999) reported that the daily 
temperature in dairy cows is varied due to individual variations, but there was 
a trend toward a circadian rhythm with a single peak each day. However, 
daily body temperature variation was also influenced by environmental cues 
such as ambient temperature cycles, exercise periods, or walking through the 
milking parlor (Araki, 1984). 
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The effect of productivity level on thermoregulation has been studied 
during the hot season. Lactating dairy cows prefer ambient temperatures of 
between 5 and 25 ºC, called ‘‘thermoneutral’’ zone, above which the cows 
enters heat stress (Bligh, 1973). Milk production is associated with increase in 
metabolic rate due to utilization of large amount of nutrients, making the high 
producing cows more vulnerable to heat stress than low yielding cows 
(Kadzere et al., 2002). Consequently, early lactation high producing dairy 
cows are less heat tolerant and their milk production declines significantly 
when exposed to hot environment (Igono and Johnson, 1990) because of 
homeostatic mechanisms aiming at cooling the body by lower feed 
consumption and increased water intake. According to Purwanto et al. (1990), 
high producer cows (31.6  kg/day) generated about 10% more heat compared 
to low milk production (18.5  kg/day). Moreover, high producer cows reduce 
rumination frequency during hot weather (Collier et al., 1982). High 
producing dairy cows adapt to heat stress by ruminating less so that they can 
reduce metabolic heat production (Kadzere et al., 2002). 
The level of production may influence the water requirement of dairy 
cows. Tapkı and Sahin. (2006) reported that in hot environments, the water 
intake of the high producing cows was higher compared to the low producing 
dairy cows. This response was related to milk yield and susceptibility to 
dehydration in more heat stressed cows (Berman et al., 1985).The authors 
added that the high producing cows moved less than low producing cows to 
balance their body temperature because the higher movement requires the 
higher metabolic work which increases metabolic heat increment. Albright 
(1987) reported that high producing dairy cows were in discomfort because 
they had to stand up during the day until the ground was cooling down and 
consequently rested less in comparison to low producing dairy cows.  
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1.5.2   Blood metabolites 
Serum biochemical parameters might be altered by different factors 
such as feeding, season, sex, milking, pregnancy, age or environmental 
variations. Changes in the concentration of serum biochemical parameters in 
different physiological conditions have been investigated in different species 
(Guilleman et al., 1959; Krieger et al., 1968; Rose et al., 1972; Holley et al., 
1974; Burtis and Ashwood, 1994; Lefcourt et al., 1995, 1999). The results of 
the studies have demonstrated a diurnal variation in blood metabolites and 
hormones. 
 Plasma glucose level in lactating dairy cows increased during the night 
(Blum et al., 1985; Frohli and Blum, 1988; Clement et al., 1991), particularly 
in the energy-deficient animals, presumably as a result of low circulating 
insulin, which favours gluconeogenesis and glycolysis (Blum et al., 1985). 
Frohli and Blum. (1988) attributed the decrease in glucose level during the 
night to the reduction of sympathoadrenal activity. Lefcourt et al. (1999) 
indicated that the peripheral glucose level showed high frequency variation 
without any indication of a specific rhythm. This response may be attributed 
to the effect of insulin concentration on blood glucose level which is affected 
mainly by feeding time and quantity (Blum et al., 1985). 
  Urea concentration in blood and milk is generally considered as a 
measure of nutritional status (Harris, 1995). Lefcourt et al. (1999) reported 
that the urea level showed a circadian rhythm, and it is unlikely that daily 
peaks were related to the time of feeding. Moreover, the authors reported that 
the urea concentrations started to rise around midnight and peaked before 
feeding, and also there was a rise in urea concentration after morning meals 
and suggested that the circadian rhythm of blood urea can be eliminated or 
obscured by frequent restricted feedings; the authors suggested that was not 
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only meal-related, but it just reflected changes of hepatic amino acid 
catabolism. Gustafsson and Palmquist (1993) measured serum urea 
concentrations at hourly intervals for 16–19 hr, peaks were observed for the 
higher yielding cows at approximately 1000 and 1200 hr, while in low 
yielding cows, the peaks were less obvious. 
The lipid profile in the blood of dairy cattle is dependent upon a 
number of physiological variables which include the nature of the diet, time 
since feeding, age, breed, pregnancy, and stage of lactation (Christie, 1981). 
Bitman et al.,  (1990) reported a lack of a circadian rhythm in the lipid profile 
contrasting with the presence of definite circadian rhythms in other 
components in the same blood samples in Holstein dairy cows. Blum et al. 
(1985) measured metabolites over a 24-h period in lactating cows fed high 
and low energy diets; they did not observe diurnal changes in concentration of 
cholesterol, triglyceride or phospholipids. The lack of a circadian rhythm in 
the cow has a parallel in findings in other species (Rao and Ramasma, 1971). 
There was no apparent diurnal rhythm in cholesterol in either hepatic tissue or 
peripheral serum in spite of a marked circadian rhythm in cholesterol 
synthesis (Ramasma 1970; Rao and Ramasma, 1971).On the other hand, other 
studies reported a rise in level of circulating non-esterified fatty acids (NEFA) 
during night and attributed that to reduction in energy intake during the night 
(Blum et al., 1985; Frohli and Blum, 1988; Clement et al., 1991). The nightly 
rise of circulating non-esterified fatty acids (NEFA) was probably also due to 
the greater demand for energy because of the longer period for milk synthesis. 
 
1.5.3. Endocrine responses 
 Hormonal profile also has a diurnal rhythm in dairy cows. The daily 
activities of the hypothalamic-pituitary-adrenocortical axis (HPA) have been 
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studied in many species, and these activities were associated with elevations 
in adrenocorticotropic hormone (ACTH) and cortisol at regular times of day 
(Desire et al., 1980). In cows (Thun et al., 1981; Lefcourt et al., 1993), 
primates (Schmidit-Reinwaled et al., 1999) and ewes (Przekop et al., 1985), 
the cortisol level tends to be higher during diurnal than nocturnal times;  the 
rhythm may be  affected by certain activities, such as feeding or milking 
(Blum et al., 1985; Gorewit et al., 1992). In animals with nocturnal habits, the 
peak reaches its maximum after the beginning of the dark time, when the 
animal demonstrates its greatest activity (Morin and Dark, 1992). Lefcourt et 
al. (1993) indicated that the glucocorticoids are an important component of 
many physiological functions, which included activities of animal. Complex 
interactions involving these functions and interactions between animals and 
their environments can result in fluctuations in peripheral glucocorticoid 
concentrations that influence underlying rhythms. Early studies in dairy cows 
by Wagner and Oxenreider, (1972) and MacAdam and Eberhart, (1972) 
indicated that there was no regular diurnal rhythm of cortisol over particular 
periods of time, Wagner and Oxenreider, (1972) found that the cortisol level 
for 1800 to 0200 h was significantly lower than the other values. Conversely, 
MacAdam and Eberhart, (1972) suggested existence of a diurnal rhythm from 
a statistically valid early morning peak with no following trough. However, 
other studies confirm a previous reports (Abilay and Johnson, 1973; Paape et 
al., 1973) which note a lack of cortisol rhythmicity. Moreover, Thun et al. 
(1981), reported a circadian rhythm in bulls by averaging cortisol 
concentrations over sequential 8-h periods. Cortisol concentrations were 
lower, by about 1 ng, from 1700 to 0100 h than during the remainder of the 
day. Fulkerson et al. (1980) detected a circadian rhythm in cortisol 
 35
concentration in dairy cows; cortisol concentrations were highest between 
midnight and midmorning and lowest in the afternoon. 
 
 Several studies reported diurnal rhythm of serum insulin level 
associated with feeding in dairy cows (Hove and Blom, 1973; Vasilatos and 
Wagnes, 1981). Studies on dairy cows were designed based on the 
assumption that insulin secretion was directly related to feed intake and 
frequent blood sampling was scheduled only around feeding. Hove and Blom, 
(1973) found two peaks in insulin concentration associated with twice daily 
feedings when blood was sampled hourly around feedings and every 3 hr 
between feedings. Blum et al. (1985) found peaks 2 to 3 hr after twice daily 
feedings. Blood samples were taken at 30-min interval around feedings, 
otherwise every 1 to 2 hr. Bines et al. (1983) fed cows twice a day, collected 
blood samples at 1-hr intervals, and found a peak in peripheral insulin at 1830 
hr, 4 hr after the afternoon feeding in lactating cows. Shifting the time of the 
afternoon feeding by 1.5 hr, resulted in a shift in insulin peak. With 2-hr 
sampling, Armentano et al. (1984) found two insulin peaks when cows were 
fed twice daily. When cows were then fed 12 times daily, there were no 
statistically significant peaks, although there was some evidence of the two 
peaks found previously. Vasilatos and Wangness, (1981) sampled every 10 
min for 24 hr for cows 90 days postpartum; multiple peaks were seen 
throughout the day that were not related to feeding but due to frequency of 
blood sampling. 
  The thyroid hormones (T3) and (T4) play an important role in lactation 
(Tucker; 1981). Circadian rhythms of thyroid hormones have been 
demonstrated for cows during lactation (Scott et al, 1983). Bitman et al. 
(1994) indicated that the plasma concentrations of T3 and T4 exhibited a 
circadian rhythm in lactating dairy cows. The waveform was characterized by 
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lowest values around the beginning of the light period (early morning) and 
peaks late in the day (evening). Continuous serial sampling permitted 
complete monitoring of single cow, and measurements in six lactating cows 
demonstrated the extent of exogenous variations. For five cows, circadian T4 
peaks lagged T3 peaks by 2 h. For one cow, the T4 peak was 12 h out of phase 
with the T3 peak. The T3 rhythm of this cow was similar in all regards to the 
T3 rhythms of the other five cows. The fact that the peripheral T3 
concentration for one cow was 180” out of phase with its T4 concentration and 
the fact that T3 for the other five cows peaks 2 h before T4 suggest that 
peripheral concentrations of T3 are regulated independently of peripheral T4. 
The same authors added that the relationships between circulating T3 and T4 
concentration patterns are complex. The fact that T3 peaks 2 h before T4 
appears to be inconsistent with the familiar view that T3 is derived from T4 
and the concentration of thyroid hormones rise during the activities of 
animals. 
 The level of milk production also affects the hormonal profile. 
Insulin:glucagon ratio (I:G) is increased in high producing compared to 
values in the low producing cows (Unger, 1972). This increase is related to 
the fact that glucagon action at the liver is an essential feature of lactation in 
dairy cows and increases glucose availability for milk production (Boer, 
1986). Cortisol was reported to be antagonistic to milk production (Braun et 
al., 1970). Sartin et al. (1988) reported lower serum cortisol concentration in 
high producing than high producing cows. They attributed decrease in cortisol 
level in high producing cows to assist in allowing greater milk production and 
may also minimize gluconeogenesis from amino acid and protein sources. 
Aeberhard et al. (2001) studied the hormonal profile between high and low 
producing cows and indicated that there was no significant difference 
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between different groups of cows and attributed that to the fact that high 
producer cows could well adapt to high yields and were not 
endocrinologically and metabolically more stressed than their lower yielding 
counterparts 
 
1.6     Objectives of the research project 
The dairy industry is one of the most important divisions of animal 
production in the Sudan. It is based on crossbreeding or pure exogenous cattle 
imported from the temperate zone, mainly Holstein-Friesian. These breeds are 
characterized by high milk production and persistency of lactation. The most 
sensitive cattle categories to high ambient temperatures are lactating dairy 
cows especially in the early stage of lactation, because they maintain high 
metabolic heat production. Studies indicated that in the tropical regions, 
exotic breeds of cattle fail to adapt and therefore the milk production declines. 
Research is needed to evaluate the physiological performance of dairy cattle, 
so that the patterns of responses to physiological state and climatic stress can 
be established. The basic information obtained can be utilized in adopting 
nutritional and environmental control strategies that will alleviate stress and 
improve productivity. The main objective of this project was to evaluate the 
effects of seasonal change in thermal environment and stage of pregnancy on 
physiological responses of crossbred dairy cows under local tropical 
conditions. Also it was intended to monitor the diurnal physiological rhythm 
of high and low producing cows.  
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CHAPTER TWO 
 
MATERIALS AND METHODS 
 
 
2.1 Experimental animals 
 A total number of twenty-four crossbred (Butana x Friesian) 
multiparous dairy cows aged 5-8 years were used in Experiment I. The cows 
were selected from the dairy herd in Armed Force Dairy Farm herd at 
Khartoum North. The animals were apparently healthy. The animals 
represented four groups according to reproductive state (empty, early, mid 
and late pregnancy).The cows were exposed to the normal grazing 
programme under natural summer and winter conditions. 
 In Experiment II, twelve cross-bred (Butanna x Friesian) empty 
multiparous dairy cows were selected from the dairy herd in the same farm 
and used in the experiment. The experimental animals comprised six high 
producing and six low producing cows. 
 
2.2 Housing and management of animals 
The dairy cows were kept at Armed Force Dairy Farm on the bank of 
Blue Nile at Khartoum north. The dairy cows are usually designated as 
lactating and dry cows. The cows were kept in sheds close to the milking 
parlour. The sheds were provided with adequate ventilation to facilitate the 
dissipation of heat and disposal of water vapour and gases. The housing 
system was provided with appropriate facilities for feeding and watering. The 
management in the farm during experimental period maintained a regular 
system by providing veterinary supervision especially during milking time at 
11:00 p.m and 3:00 a.m. The main problem was sporadic cases by milking 
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cows during last period of gestation (which is concidered as a dry period) if 
the milk production of cows did not effect by this critical stage. 
 
2.3 Feeding and watering of animals 
The nutritional regimen in the farm comprised two types of feeds; 
roughages   and concentrates.  There were two types of roughages: alfalfa 
(Medicago sativa) and abu 70 (Sorghum bicolor). These two types of 
roughages were fed two times daily at 10:00 a.m. and 5:00 p.m for the entire 
herd without restriction. The cows were also supplemented with two types of 
concentrate, locally prepared concentrate and commercial concentrate. The 
lactating cows were fed a supplemental concentrate mixture twice daily, 
before milking at 3:00 a.m. and 11:00 p.m. Also lactating cows were fed 
roughages twice daily at 10:00 a.m. and 5:00 p.m. The concentrates used to 
feed cows were not of the same composition during summer and winter. The 
locally prepared concentrate was fed during winter and the commercial 
concentrate was offered during summer. Tables 1 and 2 show the respective 
proximate analyses of roughages and concentrates fed to the cows in summer 
and winter. The proximate analysis was performed in the laboratory of the 
Department of Nutrition, Faculty of Animal Production, University of 
Khartoum. The animals were given free access to tap water. 
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Table 1. Analysis of the roughages used to feed the dairy cows.  
                                                                           
Ingredients         Alfalfa                                   Abu 70 
                             (Medicago sativa)                 (Sorghum bicolor) 
 
Dry matter (%)                    23                                            28                                    
      
           Crude protein (%)              3.6                                           3.1             
           
         Crude fibre (%)                   6.7                                           8.7  
       
Fat (%)                                1.75                                         1.33               
       
Ash (%)                               2.6                                           4.1                                   
 
 
 
 
 
Table 2. Analysis of the concentrates used to feed the dairy cows. 
 
                    Season                              
  
Ingredients          Summer        Winter 
 
Dry matter (%)                  95.54                                      95.43                                  
      
          Crude protein (%)              40.25                                      19.25             
           
          Crude fibre (%)                  26.78                                      43.82          
       
 Fat (%)                              5.12                                        2.87                
      
Ash (%)                              6.45                                         9.32                                  
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2.4. Climatic conditions 
The climatic data were obtained from the Meteorological Department 
in the Ministry of Science and Technology. The weekly mean values of 
ambient temperature (Ta) and relative humidity (RH) recorded during the 
experimental periods are shown in Tables 3 and 4. For each season, the 
temperature- humidity index (THI) was calculated according to the equation 
described by Ravagnolo et al. (2000): 
 
THI = (1.8 X T + 32) – [(0.55 – 0.0055 X RH) X (1.8 X T – 26)] 
Where:     T = Air temperature (˚C). 
             RH = Relative humidity (%). 
 
2.5 Rectal temperature (Tr) 
The measurements of Tr of cows were made to the nearest ± 0.1˚C 
using certified digital thermometer (ACON). The thermometer was inserted 
into the rectum to a depth of approximately 8 cm for one minute before the 
reading was obtained. 
 
2.6 Respiration rate (RR) 
The respiration rate (RR) was measured visually by counting the flank 
movements with the aid of a stopwatch. The value was taken for one minute 
of regular breathing with the animal standing quietly for one minute. 
 
2.7 Blood analysis 
2.7.1 Collection of blood samples 
Blood samples were collected from the cows by jugular venipuncure 
using plastic disposable syringes. A sample of 10 ml of blood was collected, 
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and immediately 2 ml was transferred to a test tube containing the 
anticoagulant disodium ethylene diamine tetra acetate (Na2-EDTA); the 
sample was used for haematological studies. The rest of the blood sample was 
allowed to stay for 3 hrs at room temperature, then centrifuged at 300 r.p.m. 
for 15 min. Haemolysis-free serum samples were separated and transferred to 
clean plastic vials, and immediately frozen at -20 ºC for subsequent analysis. 
 
2.7.2 Haematological values 
2.7.2.1 The packed cell volume (PCV) 
 The PCV of erythrocytes as percentage of whole blood was measured 
using a microhaematocrit centrifuge (Hettich - Germany). Plain capillary 
tubes were filled with blood to approximately ¾ and one end was sealed by 
cristaseal. Then the tubes were centrifuged at 12000 r.p.m. for 5 min. The 
PCV was measured as percentage of whole blood using the reader. 
 
2.7.2.2 Haemoglobin concentration (Hb) 
Hb concentration was determined by cyanmethaemoglobin method as 
described by Van Kampen and Zijlstra (1961). 
 Principle 
Ferrous ions of Hb are oxidized to the ferric state by potassium 
ferricyanide to form methaemoglobin, which reacts with cyanide to form 
cyanmethaemoglobin that can be measured colorimetrically.  
Reagents 
Cyanide reagent (Drabkin’s solution) 
The reagent was prepared by dissolving 0.2g potassium cyanide, 0.05g 
of ferricyanide and 0.14g of potassium hydrogen diorthophosphate in 1 litre 
of distilled water.  
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  Standard Hb solution 
One ml of human Hb standard (Biosystem-Spain), with a concentration 
of 14.6g/dL was used as standard. 
Procedure  
Dry clean test tubes were prepared for sample and standard. To each 
tube, 4 ml of cyanide reagent was added. Then 0.2 ml of blood sample and Hb 
standard solution were added to the samples and standard tube, respectively. 
The tubes were allowed to stand for 15 min, and then the optical density 
(O.D.) was read at 540 nm in the colorimeter using cyanide reagent as blank. 
 Calculation 
                            
 
 
 
2.7.2.3 Total leukocyte count (TLC) 
 The TLC was performed in an improved Neubauer haemocytometer 
using Turk´s solution as dilution fluid (glacial acetic acid 1ml, 1% aqueous 
gentian violet 1 ml, and distilled water up to 200 ml). The pipette was filled 
with blood to 0.5 mark and then filled with diluting fluid to the 11 mark on 
the stem distal to the bulb. The dilution of blood obtained was 1:20. 
        The haemocytometer and cover slip were cleaned and the cover was 
pressed on the surface of the haemocytometer. The diluted blood was    mixed 
thoroughly and the counting chamber was filled carefully, and then  the cells 
were allowed to settle. Using the microscope (Olympus- Japan), under low 
power (X10) objective, the number of leukocytes was counted in each of the 4 
large corner squares. The TLC was obtained by multiplying the number of 
cells counted by both the dilution factor and the volume factor. 
                OD of sample 
Hb concentration (g/dL) =                            X  14.6 
                         OD of standard  
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           Each large square has an area of 1 mm and a depth of 0.1 mm, giving a 
volume of 0.1 mm3. Since four large squares were used for counting, the total 
volume was 0.4 mm3. As the total volume used in counts is 1 mm3, this 
volume was multiple by 2.5.  
Calculation 
                            TLC (103 /µl) = N X 1/0.4 X 20 
                                                  = N X 2.5 X 20 
                                                  = N X 50 
                            Where N = Number of cells counted. 
 
2.7.3 Blood metabolites 
2.7.3.1 Serum glucose  
Glucose concentration was determined by the enzymatic method using 
a kit (Randox laboratories Ltd-London). 
Principle 
    The serum glucose concentration is determined by enzymatic 
oxidation in the presence of glucose oxidase. The hydrogen peroxide formed 
reacts with phenol and    4- aminophenazone to form a red-violet dye as 
indicator.  
Glucose + O2 + H2O    Glucose oxidase    Gluconic acid + H2O 
 
Reagents  
The reagent consists of 0.1 mmol/L of phosphate buffer (pH: 7.0), 1.1 
mmol phenol, 0.77 mmol 4-aminophenazone, 1.5 IU/L glucose oxidase and 
1.5 IU/L peroxidase. The standard was prepared by dissolving 100 mg of 
glucose in 100 ml of distilled water. 
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Procedure 
For the test, 0.01 ml of serum was added to 1 ml of glucose reagent. 
For standard, 0.01 ml of standard was added to 1 ml of reagent. 
The contents of tubes were mixed and allowed to stand for 30 min at room 
temperature. Then the optical density (O.D.) of the sample and standard were 
read at 520 nm using the spectrophotometer (UNIEM8625UV/VIS). 
Calculation 
 
 
 
 
2.7.3.2 Serum urea 
Serum urea concentration was determined using a kit (Crescent 
diagnostic –MUSLCO SJ-Saudi Arabia). 
 
Principle 
         Urease catalyses conversion of urea to ammonia. In a modified berthelot 
reaction, the ammonium ions react with a mixture of salicylate, hypochlorite, 
and nitroprusside to yield a blue-green dye (indophenol). The intensity of dye 
is proportional to the concentration of urea in the sample. 
  
 Urea + H2O           Urease                    2NH3 + CO2 
 NH3 + salicylate + hypochlorite   Nitroprusside   2,2- dicarboxy indophenol 
 
Reagent 
      The reagent consists of 120 mmol/L of phosphate buffer, 60 mmol/L 
sodium salicylate, 5 mmol/L of sodium nitroprusside (reagent 1), 400 
                                     OD of sample 
Serum glucose concentration (mg/dL) =                            X  100 
                                              OD of standard  
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mmol/Lof sodium hydroxide, 10 mmol/L sodium hypochlorite, 120 mmol/L 
of phosphate buffer (reagent 2). The standard was prepared by dissolving 80 
mg of urea in 100 ml of distilled water. 
Procedure 
         For the test, 0.01 ml of serum was added to 1 ml of reagent 1. For 
standard, 0.01 ml of standard was added to 1 ml of reagent 1. The contents of 
tubes were mixed and allowed to stand for 3 min at room temperature, and 
then reagent 2 was added to both tubes and allowed to stand for 5 min at room 
temperature. Then the optical density (O.D.) of the sample and standard were 
read at 578 nm using a spectrophotometer (UNIEM8625UV/VIS). 
 
Calculation 
 
    
 
 
2.7.3.3 Serum cholesterol 
Serum cholesterol was determined using a kit (SPINREACT, S.A. SPAIN). 
 
 
Principle 
Serum cholesterol concentration is determined by enzymatic hydrolysis 
to release cholesterol and its esters from lipoprotein by cholesterol esterase 
(CHE). 
 
           Cholesterol ester + H2O     
CHE        Cholesterol + Fatty acid 
                                     OD of sample 
   Serum urea concentration (mg/dL) =                              X  80 
                                              OD of standard  
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The ester is formed in the subsequent enzymatic oxidation of 
cholesterol by cholesterol oxidase (CHOD). 
 
             Cholesterol + O2    CHOD      4-cholesterol + H2O2 
The hydrogen peroxide formed reacts with phenol and 4-
aminophenazone by peroxidase (POD) to form a pink dye as indicator 
. 
       2H2O2 + Phenol + 4-aminophenazone   POD             Quinonimine + 4H2O 
 
      Reagents 
R1: (buffer) consists of PIPES: 90 mmol/L pH 6.9 and phenol 26 
mmol/L. 
    R2: (enzymes) consists of cholesterol esterase (CHE): 300 U/L, 
cholesterol oxidase (CHOD): 300 U/L, peroxidase (POD): 1250 U/L 
and 4-aminophenazone (4AP): 0.4 mmol/L. 
The cholesterol standard was prepared by dissolving 200 mg of 
cholesterol in 100 ml distilled water. 
Working reagent was prepared by dissolving the content of vial reagent 
2 (enzymes) in bottle of reagent 1 (buffer), mixing gently to dissolve the 
contents. 
 
Procedure 
   The blank was prepared by adding 1.0 ml working reagent to the 
blank tube, 10 µl of serum was added to 1.0 ml working reagent to prepare 
sample tube. The standard tube was prepared by mixing 10 µl of cholesterol 
standard to 1.0 ml of working reagent were read against the blank using 
spectrophotometer (UNIEM8625 UV/VIS). 
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Calculation 
                                                                   
 
 
 
2.7.3.4 Serum triglyceride 
Serum triglyceride concentration was determined using the enzymatic 
method of a kit (Liner chemical- Spain). 
 
Principle 
The method is based on the enzymatic hydrolysis of serum triglyceride 
to glycerol and free fatty acid (FFA) by lipoprotein lipase (LPL). The glycerol 
is phosphorylated by adenosine triphosphate (ATP) in the presence of 
glycerolkinase (GK) to form glycerol-3-phosphate (G-3-P) and adenosine 
triphosphate (ADP). Glycerol-3-phosphate is oxidized by glycerophosphate 
oxidase (GPO) to form dihydroxyacetone phosphate (DHAP) and hydrogen 
peroxide.   A red chromogen is produced by the peroxidase (POD)-catalyzed 
coupling of 4-aminoantipyrine (4-AA) and phenol with hydrogen peroxide 
(H2O2), proportional to the concentration of triglyceride in the sample. 
 
     Triglycerides + 3 H2O      
LPL       Glycerol + 3 FFA 
    Glycerol + ATP                 GK       Glycerol-3-P + ADP 
    Glycerol-3-P + O2            
GPO        DHAP + H2O2 
    4-AA + 4 Phenol     H2
O
2
 +POD       Quinoneimine + H2O 
 
 
                                            OD of sample 
 Serum cholesterol concentration (mg/dL) =                              X 200 
                                                     OD of standard  
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Reagents 
   The reagent consists of 50 mmol/L of PIPES buffer, 12 KU/L: LPL, 1 
KU/L :GK, 10 KU/L: GPO, 2 mmol/L: ATP, 40 mmol/L: Mg, 2.5 
KU/L:POD, 0.5 mmol/L: 4-AA, 3 mmol/L: phenol, 2 g/L:non-ionic 
tensinoactives. The standard was prepared by dissolving 200 mg of 
triglyceride in 100 ml of distilled water. 
 
Procedure 
          For the test, 0.01 ml of serum was added to 1 ml of reagent. For 
standard, 0.01 ml of standard was added to 1 ml of reagent. The contents of 
tubes were mixed and allowed to stand for 15 min at room temperature. Then 
the optical density (O.D.) of the sample and standard were read at 500 nm 
using a spectrophotometer (UNIEM8625UV/VIS). 
 
Calculation 
              
 
 
 
2.7.4 Serum inorganic constituents 
2.7.4.1 Serum calcium (Ca) 
     Serum Ca concentration was determined using a kit (Liner chemical, Spain). 
Principle 
 The method is based on the specific binding of cresolftalein 
complexon (OCC), a metallochromic indicator, and calcium at alkaline pH 
with the resulting shift in the absorption wavelength of the complex. The 
                                            OD of sample 
 Serum triglyceride concentration (mg/dL) =                              X 200 
                                                      OD of standard  
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intensity of cromophore formed is proportional to the concentration of total 
calcium in the sample. 
 
       OCC + Calcium           pH 10.7         OCC-calcium complex 
 
Reagents 
(R1): OCC indicator: 0.16 mmol/L: O-Cresolphtalein, 7 mmol/l: 8-
quinolinol, 60 mmol/L: HCl. 
(R2): OCC buffer: 0.35 mol/L: AMP, pH 10.7. 
The standard was prepared by dissolving 10 mg of calcium in 100 ml of 
distilled water. 
Procedure 
 First, working reagent was prepared by mixing 1 volume of R1 to 1 
volume of R2. For the test, 0.01 ml of serum was added to 1 ml of working 
reagent. For standard, 0.01 ml of standard was added to 1 ml of working 
reagent. The contents of tubes were mixed and allowed to stand for 2 min. at 
room temperature. Then the optical density (O.D.) of the sample and standard 
were read at 570 nm using the spectrophotometer (UNIEM8625UV/VIS). 
Calculation 
      
 
 
 
2.7.4.2 Serum phosphorus (P) 
    Serum P concentration was determined using a kit (Liner chemical- 
Spain). 
 
                                        OD of sample 
 Serum total Ca concentration (mg/dL) =                             X 10 
                                                 OD of standard  
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Principle 
Inorganic phosphate reacts with ammonium molybdate in the presence 
of sulphuric acid to form a phosphomolybdic complex, which is measured at 
340 nm. 
     PO4 + H + (NH4)6Mo7O24        P           Phosphomolybdic complex 
 
Reagent 
Molybdate reagent: 0.40 mmol/L: ammonium molybdate, 210 mmol/L: 
sulphuric acid. The standard was prepared by dissolving 5 mg of phosphorus 
in 100 ml of distilled water. 
 
Procedure 
For the test, 0.01 ml of serum was added to 1 ml of molybdate reagent. 
For standard, 0.01 ml of standard was added to 1 ml of molybdate reagent. 
The contents of tubes were mixed and allowed to stand for 5 min at room 
temperature. Then the optical density (O.D.) of the sample and standard were 
read using a spectrophotometer (UNIEM8625UV/VIS). 
Calculation 
         
 
 
2.7.4.3 Serum magnesium (Mg) 
    Serum Mg concentration was determined using a kit (Liner chemical, 
Spain). 
Principle 
The method is based on the specific binding of calmagite, a 
metallochromic indicator, and magnesium at alkaline pH with the resulting 
                              OD of sample 
Serum P concentration (mg/dL)  =                              X 5 
                                      OD of standard  
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shift in the absorption wavelength of the complex. The intensity of the 
cromophore formed is proportional to the concentration of magnesium in the 
sample. 
 
Calmagite + Magnesium          pH 11.5       Calmagite-Magnesium complex 
 
Reagents 
Chromogen: 75 mmol/L: calmagite, 60 mmol/L: EGTA, 0.2 mol/L: 
amino-methyle-propanol, 0.2 mol/L:KCl, 0.05% surfactant. The standard was 
prepared by dissolving 2 mg of magnesium in 100 ml of distilled water. 
 
Procedure 
For the test, 0.01 ml of serum was added to 1 ml of chromogen reagent. 
For standard, 0.01 ml of standard was added to 1 ml of chromogen reagent. 
The contents of tubes were mixed and allowed to stand for 2 min at room 
temperature. Then the optical density (O.D.) of the sample and standard were 
read at 520 nm using a spectrophotometer (UNIEM 8625 UV/VIS).  
 
Calculation 
             
 
 
2.7.5 Serum enzymes 
2.7.5.1 Alanine aminotransferase (ALT)  
Serum ALT activity was determined by the UV enzymatic method 
using a kit (Liner chemical, Spain) 
 
                                 OD of sample 
Serum Mg concentration (mg/dL)  =                              X 2 
                                          OD of standard  
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Principle 
Alanine aminotransferase (ALT) catalyzes the transfer of amino group 
from alanine to oxoglutarate with the formation of glutamate and pyruvate. 
The latter is reduced to lactate by lactate dehydrogenase (LDH) in the 
presence of reduced nicotinamide adenine dinucleotide (NADH).The reaction 
is monitored kinetically at 340 nm by the rate of decrease in absorbance 
resulting from the oxidation of NADH to NAD, proportional to the activity of 
ALT present in the sample. 
 
L-Alanine + 2-oxoglutarate     ALT     L-glutamate + Pyruvate 
Pyruvate + NADH + H+          LDH      Lactate + NAD+ 
 
Reagents 
(R1)  ALT substrate: 150 mmol/L: TRIS buffer, 750 mmol/L : L-
alanine, 1350 U/L: lactate dehydrogenase. 
(R2)  ALT coenzyme: 1.3 mmol/L NADH, 75 mmol/L 2-oxoglutrate. 
 
Procedure 
First, working reagent was prepared by mixing 4 ml of (R1) + 1 ml 
(R2),  0.1 ml of sample was added to 1 ml of working reagent in the cuvette at 
30˚C , the content of cuvette was mixed and inserted into cell holder with  
340 nm wavelength, incubated for 1 min and the initial reading the reading 
was repeated exactly after 1, 2, and 3 min with stopwatch was recorded. The 
difference between readings was calculated, the mean of results was 
calculated to obtain the average change in absorbance per min (∆A/min). 
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Calculation 
               Serum ALT activity (U/L) = ∆A/min X 1746 
 
 
2.7.5.2 Aspartate aminotransferase (AST)  
Serum (AST) activity was determined by the UV enzymatic method 
using a kit (Liner chemical, Spain)   
 
Principle 
Aspartate aminotransferase (AST) catalyzes the transfer of the amino 
group from aspartate to oxoglutarate with the formation of glutamate and 
oxalacetate. The latter is reduced to malate by malate dehydrogenase (MDH) 
in the presence of reduced nicotin amide adenine dinucleotide (NADH). 
The reaction was monitored kinetically at 340 nm by the rate of 
decrease of absorbance resulting from the oxidation of NADH to NAD, 
proptional to the activity of AST present in the sample.  
L-Aspartate + 2-Oxoglutarate       AST       L-Glutamate + Oxalacetate 
Oxalacetate + NADH + H+          MDH       L-Malate + NAD+ 
Reagents 
(R1):  AST substrate: 121 mmol/L:TRIS buffer, 362 mmol/L: L-
aspartate, 460 U/L: malate dehydrogenase, 600 U/L: lactate 
dehydrogenase. 
(R2):  AST coenzyme: 1.3mmol/L: NADH, 75 mmol/L: 2-oxoglutrate. 
 
Procedure 
First,  the working reagent was prepared by mixing 4 ml of  R1 + 1 ml 
of R2, 100 µl of sample was added to 1 ml of working reagent in the cuvette 
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at 30˚C , the content of cuvette mixed and inserted into cell holder with  340 
nm wavelength, incubated for 1 min and the initial reading was recorded; the 
reading was repeated exactly after 1, 2, and 3 min with stopwatch and the 
difference between readings were calculated, the mean of the results was  
calculated to obtain the average change in absorbance per min (∆A/min). 
 
Calculation 
                 Serum AST activity (U/L) = ∆A/min X 1746 
 
 
2.7.6 Serum hormones measurement 
2.7.6.1 Thyroid stimulating hormone (TSH) 
Serum level of TSH was determined using TSH immunoradiometric 
assay Kit-IMK-432 (BEIJING ATOM HIGHTECH CO., LTD, China) 
Principle 
The Kit utilizes a two-site sandwich immunoradiometric assay for 
measurement of TSH. This involves the reaction of TSH present in serum 
with monoclonal and polyclonal antibody. The monoclonal antibody is 
labelled with 125I as tracer (125I-McAb) and the polyclonal antibody is coupled 
to magnetic iron oxide particles (PcAb {M}). The formed 125I-McAb-TSH-
PcAb {M} complex (Sandwich) is separated from unbound tracer by placing 
the assay tubes in the magnetic separator and decanting supernatant. The 
radioactivity of the tracer in the tubes is directly proportional to the 
concentration of TSH in the specimens. 
Contents of the kit 
- 1 vial: 125I-anti-TSH (monoclonal). 
- 1 vial: magnetic TSH antibody (polyclonal). 
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- 7 vials: TSH standards.  
- 1 vial: concentrated wash buffer. 
Preparation for assay 
(a) 1 ml of distilled water was added to each of the standard vials for 
reconstitution. 
(b) All reagents and serum samples were allowed to reach room 
temperature 
(c) Magnetic TSH antibodies were resuspended by gentle mixing.  
(d) Washing buffer was prepared by adding 180 ml of distilled water to 20 
mL of wash buffer. 
Procedure 
(a) 0.1 ml of standards, control and serum samples were added to 
prelabelled tubes. 
(b) 0.025 ml of 125I-anti-hTSH solution was added to each tube. Then 
incubated for one hour at 37 ˚C. 
(c) 0.25 ml of mixed antibody suspension were added to each tube and 
incubated for 1 hour at room temperature.  
(d) The test tube racks were placed on magnetic separator and allowed to 
stand for 10 min, and then the supernatant was decanted.   
(e) The tubes were washed by washing buffer. 
(f) The test tube racks were placed again on magnetic separator and 
allowed to stand for 10 min, and then the supernatant was decanted and 
drained thoroughly on adsorbent paper. 
(g) The tubes were counted for a minimum of one minute by using gamma 
counter (OAKFIELD-UK).  
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2.7.6.2 Triiodothyronine (T3) 
             Serum level of T3 was determined using T3 radioimmunoassay Kit-M 
(HTA CO. LTD., China). 
  Principle 
The T3 radioimmunoassay method depends on the competition between 
125I labelled T3 and T3 contained in standards or specimens to be assayed, for a 
fixed or limited number of T3 antibody binding sites. After the incubation, the 
amount of 125I labelled T3 bound to the antibody is inversely related to the 
amount of T3 present in the sample. In the antibody suspension of this kit, the 
antibody is covalently bound to magnetisable particles. Separation of the 
antibody bound fraction is achieved by magnetic separator and decanting the 
supernatant. By measuring the proportion of 125I labelled T3 bound in the 
presence of reference standards containing various known amounts of T3, the 
concentration of T3 present in unknown samples can be interpolated.     
Content of the kit 
- 1 vial: 125I-anti-T3 (monoclonal). 
- 1 vial: magnetic T3 antibody (polyclonal). 
- 6 vials: T3 standards 0,0.5,1.0,2.0,4.0,8.0 ng/ml 
- 1 vials: NSB reagent.  
 Procedure 
(a) 50 µl of standards, control and serum samples were added to 
prelabelled tubes. 
(b) 0.5 ml of 125I-anti-T3 solution was added to each tube. Then incubated 
for 1 hour at 37˚C. 
(c) 0.5 ml of mixed antibody suspension were added to each tube and 
incubated for 1 hour at room temperature.  
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(d) The test tube racks were placed on magnetic separator and allowed to 
stand for 10 min, then the supernatant was decanted.   
(e) The tubes were counted for a minimum of one minute by using gamma 
counter (OAKFIELD-UK). 
 
2.7.6.3 Thyroxine (T4) 
Serum level of T4 was determined using T4 radioimmunoassay Kit-
IMK-437 (HTA CO. LTD., China). 
Principle 
    The T4 radioimmunoassay method depends on the competition between 
125I labelled T4 and T4 contained in standards or specimens to be assayed for a 
fixed or limited number of T4 antibody binding sites. After the incubation, the 
amount of 125I labelled T4 bound to the antibody is inversely related to the 
amount of T4 present in the sample. In the antibody suspension of this kit, the 
antibody is covalently bound to magnetisable particles. Separation of the 
antibody bound fraction is achieved by magnetic separator and decanting the 
supernatant. By measuring the proportion of 125I labelled T4 bound in the 
presence of reference standards containing various known amounts of T4, the 
concentration of T4 present in unknown samples can be interpolated. 
Content of the kit 
- 1 vial: 125I-anti-T4 (monoclonal). 
- 1 vial: magnetic T4 antibody (polyclonal). 
- 6 vials: T4 standards: 0,20,40,80,160,240 ng/ml 
Procedure 
(a) 25 µl of standards and serum samples were added to prelabelled tubes. 
(b) 0.25ml of 125I-anti-T4 solution was added to each tube. Then incubated 
for one hour at 37 ˚C. 
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(c) 0.5 ml of mixed antibody suspension were added to each tube and 
incubated for 45 min at room temperature.  
(d) The test tube racks were placed on magnetic separator and allowed to 
stand for 10 min, then the supernatant was decanted.   
(e) The tubes were counted for a minimum of one minute by using gamma 
counter (OAKFIELD, UK).   
 
 
2.7.6.4 Cortisol 
Serum cortisol level was determined using Enzyme Linked 
Immunosorbent Assay (ELISA). 
 
Principle 
  Antigen cortisol in the sample competes with horseradish peroxidase-
cortisol (enzyme-labelled antigen) for binding into the limited number of anti-
cortisol (antibody) sites miroplates (solid phase). After incubation, the 
bound/free separation is performed by a simple solid-phase washing.  
  The substrate solution A (H2O2) and substrate solution B (TMB) are 
added. After an appropriate time has elapsed for maximum color 
development, the enzyme reaction is stopped and the absorbances are 
determined. The colour intensity is inversely proportional to the cortisol 
concentration in the sample. 
 
Content of the kit 
- Cortisol calibrator with different concentrations 0, 10, 50, 150, 500 
ng/ml. 
- 1 vial of conjugate (cortisol-HRP conjugate). 
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- Microplate coated with anti-cortisol-IgG. 
- 1 vial of substrate solution (H2O2TMB) 
- 1vial of stop solution (sulphuric acid 0.15 mol/L). 
 
Procedure 
Serum samples were added by pipetting of 0.02 ml to each well. Then 
0.02 mL of calibrators were added to calibrator’s wells. 0.2 ml of conjugate 
was added to each well. Then the plate was covered and incubated at 37 ˚C 
for 1 hour. Then the plate was washed using distilled water to remove the well 
contents. 0.1 ml of substrate solution was pipetted into each well and 
incubated for 15 min at room temperature in the dark. Stop solution was 
added by pipetting 0.1 ml to each well.The absorbance was read at 450 nm 
using ELISA reader (IMMUNOSCAN-BSL). 
 
 
2.7.6.5 Insulin 
Serum level of insulin was determined using insulin 
immunoradiometric assay Kit-IMK-414 (BEIJING ATOM HIGHTECH CO., 
LTD, China) 
 
Principle 
The insulin radioimmunoassay method depends upon the competition 
between 125I labelled insulin and insulin contained in standards or specimens 
to be assayed for a fixed or limited number of insulin antibody binding sites. 
After the incubation, separation of bound from free is achieved by the PEG-
accelerated double-antibody procedure. The tube is then counted in a gamma 
counter, the counts being inversely related to the amount of insulin present in 
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the sample. By measuring the proportion of 125I labelled insulin bound in the 
presence of varying knowing of insulin standards, the concentration of insulin 
in unknown samples can be interplated.  
 
Content of the kit 
- 1 vial: 125I-labelled insulin. 
- 6 vial: insulin standards. 5, 10,20,40,80,160 mIU/ml. 
- 1 vials: insulin antibody. 
- 1 vial : buffer 
- 1 bottle: separating agent solution. 
 
Procedure 
(a) 100 µl of standards and serum samples were added to prelabelled tubes. 
(b) 100 µl of insulin antibody solution was added to each tube.  
(c) 100 µl of 125I-labelled insulin were added to each tube and incubated 
for hour at 37 ˚C. 
(d) 500 µl of separating agent were added to all tube and then incubated 
for 15 min at 37 ˚C. 
(e) All tube were introduced to centrifugation at 1500 RPM for 15 min  
(f) The supernatant in all tubes were decanted then all tubes were counted 
by using gamma counter (OAKFIELD, UK).   
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2.8 Experimental plan 
The study was carried out on dairy cows at Armed Force Dairy Farm. 
Two experiments were conducted. The first experiment was designed to study 
the effect of stage of pregnancy and season on thermoregulation and blood 
constituents were evaluated in four groups of crossbred dairy cattle. A group 
of empty cows served as control and three groups represented different stages 
of pregnancy: early, mid and late pregnancy, respectively. In each season, 
baseline data were obtained for all experimental groups of animals. Then the 
rectal temperature (Tr) and respiratory rate (RR) were measured and blood 
samples were collected from cows in each group weekly. A similar 
experimental protocol was executed during typical winter and summer 
condition. The period in winter extended from December (2006) to March 
(2007), while the summer experimental period extended from May to July 
(2007). The haematological parameters were determined immediately after 
blood sampling, whereas the serum metabolites, enzymes, minerals and 
hormones were analysed subsequently in samples kept frozen at -20 ºC. 
In experiment 2, the diurnal rhythm was investigated during two 
consecutive days (10th and 11th November, 2008). The diurnal changes on 
rectal temperature (Tr), respiratory rate (RR) and blood constituents were 
evaluated in high and low producing crossbred dairy cattle. In each day, Tr 
and RR were measured and blood samples were collected from cows in each 
group at 6:00 a.m, 12:00 p.m, 6:00 p.m and 12:00 a.m. The haematological 
parameters were determined immediately after blood sampling, whereas the 
serum metabolites, enzymes, minerals and hormones were analysed later in 
samples kept frozen at -20 ºC. 
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2.9 Statistical analysis 
For data obtained in the studies, the mean values ± standard deviation 
ware computed. In experiment 1, data obtained for 18 weeks covering two 
seasons (summer and winter) in different stages of pregnancy in dairy cows 
have been subjected to standard methods of statistical analysis. The analysis 
was performed using General Linear Methods (GLM) procedure of Statistical 
Analysis System (SAS, 1996). The analysis of variance (ANOVA) test was 
used to evaluate the effect of season (summer and winter) and pregnancy in 
dairy cows on thermoregulation, haematological parameters, serum 
metabolites, enzymes, minerals and hormones.  
 In experiment 2, the data obtained for two days at 6 hrs intervals in 
high and low producing cows were analyzed. The statistical analysis was 
performed using General Linear Methods (GLM) procedure of Statistical 
Analysis System (SAS, 1996). The analysis of variance (ANOVA) test was 
used to evaluate the diurnal changes and the effect of level of milk production 
on thermoregulation, haematological parameters, serum metabolites, enzymes 
and hormones.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 64
 
CHAPTER THREE 
 
RESULTS 
 
 
3.1. Effect of season and pregnancy on physiological responses 
The data obtained for the effects season and stage of pregnancy on 
thermoregulation, blood parameters and hormones are presented as means 
values ± standard deviation. 
 
 
3.1.1 Climatic conditions 
 
The ambient temperature (Ta) and relative humidity (RH) prevailing 
during the experimental periods (the period in winter extended from 
December 2006 to March 2007; while the summer experimental period: May 
to July 2007), are shown in Tables 3 and 4. The climatic data indicate that the 
highest mean value of ambient temperature was measured in June 2007 
during dry summer, while the minimum mean value was recorded during 
December in 2006 during winter. The data showed that the minimum mean 
values of RH (%) were measured in June 2007 during dry summer, whereas 
the highest mean value were recorded in March 2007 during winter. The 
computed mean temperature humidity index (THI) values obtained during 
reveals that during summer the THI was (80.92) which inductive of heat 
stress. The mean THI values during winter was (65.75) is considered to be 
comfortable for dairy cows. 
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Table 3. The ambient temperature (Ta) and relative humidity (RH) during the 
experimental period in winter (December 2006 –March 2007)   
Winter   Ta (˚C)  RH (%) 
Weeks  Maximum Minimum Mean  Mean  
        
1st wk  29.0 15.0 22.0  26  
2nd wk  24.7 13.0 18.9  36  
3rd wk  27.0 13.0 20.0  34  
4th wk  24.0 12.5 18.3  39  
5th wk  27.0 13.5 20.3  45  
6th wk  28.4 14.5 21.5  29  
7th wk  26.2 15.5 20.9  32  
8th wk  29.0 17.5 23.3  31  
9th wk  31.2 15.5 23.4  30  
10th wk  32.0 17.5 24.8  29  
Mean ± SD                 27.6±2.5      14.8±1.7      21.3±1.9                       33.1±5.3 
 
* Temperate humidity index (THI) during winter was (65.75).  
 
 
Table 4. The ambient temperature (Ta) and relative humidity (RH) during the 
experimental period in summer (May-July, 2007). 
Summer   Ta(˚C)  RH (%) 
Weeks  Maximum Minimum Mean  Mean  
        
1st wk  43.5 25.0 34.3  33  
2nd wk  44.2 23.0 33.6  27  
3rd wk  41.2 28.0 34.6  17  
4th wk  41.3 29.2 35.3  40  
5th wk  41.0 22.0 31.5  29  
6th wk  39.0 27.5 33.3  64  
7th wk  34.2 25.5 29.9  77  
8th wk  37.7 25.0 31.4  60  
Mean ± SD                  40.3±3.0        25.7±2.3      32.9±1.7                       43.4±19.8 
 
* Temperate humidity index (THI) during summer was (80.92). 
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3.1.2. Rectal temperature (Tr) 
Table 5 and Fig. 1 show the effect of stage of pregnancy and season on 
rectal temperature (Tr) in dairy cows. There was slight progressive increase in 
Tr with the advance of pregnancy in both seasons and there was a significant 
(P<0.001) increase in Tr values in both groups of dairy cattle in mid and late 
pregnancy during summer. However, there was no significant difference 
between groups during winter. The effect of season shows that there was 
significant increase in Tr values during summer in early, mid and late 
pregnancy (P<0.001) and in the empty group (P<0.05).  
3.1.3. Respiratory rate (RR) 
Table 6 and Fig. 2 show the effect of stage of pregnancy and season on 
respiratory rate (RR) (breaths/min) in dairy cows. There was progressive 
increase in RR with the advance of pregnancy, particularly in summer and 
there was a significant (P<0.001) increase in RR in late pregnancy group 
during summer compared with other groups. Moreover, there was a 
significant (P<0.05) increase in RR in late pregnancy during winter. The 
effect of season shows a significant (P<0.001) increase in RR during summer 
in all groups compared with respective winter values. 
3.1.4. Packed cell volume (PCV) 
Table 7 and Fig. 3 show the effect of stage of pregnancy and season on 
PCV (%) in dairy cows. During both seasons, there was a significant 
(P<0.001) increase in PCV with the advance of pregnancy compared with 
values for the empty group. The effect of season shows that there was no 
significant difference in the PCV values between summer and winter except 
that the empty cows had significantly (P<0.01) lower PCV value in summer 
compared with winter. 
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Table 5. Effects of season and stage of pregnancy on rectal temperature, 
Tr (ºC) in   dairy cows. 
 
 
 
              Season 
                                                                                                                              LS 
 
 
                 Summer     winter 
 
 
A   A38.35±0.31a   A38.13±0.67b             *  
 
B   A38.48±0.24a   A38.19±0.48b ***  
 
C   B38.71±0.46a   A38.17±0.64b   ***  
 
D   B38.81±0.46a   A38.30±0.48b    *** 
 
LS                                   ***                                          NS 
 
 
A,B : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 1. Effect of season and stage of pregnancy on rectal                    
                  temperature (Tr) in dairy cows
37.6
37.8
38
38.2
38.4
38.6
38.8
39
Empty Early
pregnancy
Mid
pregnancy 
Late
pregnancy
Tr
 ( ˚
C
) 
Summer Winter
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 69
Table 6. Effects of season and stage of pregnancy on respiratory rate, RR 
(breaths/min) in dairy cows. 
 
 
 
             Season 
                                                                                                                                LS    
 
 
     Summer     Winter 
 
 
A   A40.92±4.90a   A33.83±2.44b   *** 
 
B   A41.33±5.30a   A34.23±2.24b   *** 
 
C   A42.83±5.90a   A34.03±2.43b   *** 
 
D   B45.37±6.20a   B35.03±2.42b   *** 
 
LS                                     ***  * 
 
 
 
A,B : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  ***: P<0.001   
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 2. Effect of season and stage of pregnancy on                        
respiratory rate (RR) in dairy cows.
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Table 7. Effects of season and stage of pregnancy on packed cell volume, 
PCV (%) in dairy cows. 
 
 
 
              Season 
  
                                                                                                                                    LS 
 
                     Summer     Winter 
 
 
A   A28.54±3.79a   A30.96±4.13b   **  
 
B   B32.27±3.45a   B31.87±3.08a NS 
 
C   B34.25±2.26a   B33.88±4.79a NS 
 
D   C35.56±2.89a   C36.08±4.33a NS 
 
 
LS                                       ***                                           *** 
 
 
A,B,C : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
**  : P<0.01  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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 Figure 3. Effect of season and stage of pregnancy on PCV in           
                dairy cows.
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3.1.5. Haemoglobin concentration (Hb) 
Table 8 and Fig. 4 show the effect of stage of pregnancy and season on 
haemoglobin concentration (Hb) (g/dL) in dairy cows. During both seasons, 
there was a significant (P<0.001) increase in Hb concentration with the 
advance of pregnancy. The effect of season shows that there was no 
significant difference in Hb concentration between summer and winter except 
that the empty cows had significantly (P<0.05) lower Hb concentration in 
summer compared with winter.  
 
3.1.6. Total leukocytes count (TLC) 
The effect of stage of pregnancy and season on total leukocyte count, 
TLC (X103/µl) in dairy cows is shown in Table 9 and Fig. 5. There was no 
significant effect of stage of pregnancy during summer. Moreover, there was 
no significant difference between groups during winter except the early 
pregnancy group had significant (P<0.01) higher TLC compared with other 
groups. The effect of season shows no significant difference in TLC values 
between summer and winter except that the early pregnancy cows showed 
significantly (P<0.001) higher TLC during winter compared with summer. 
 
3.1.7. Blood glucose 
The effect of stage of pregnancy and season on blood glucose 
concentration (mg/dL) in dairy cows is shown in Table 10 and Fig. 6. There 
was no significant effect of stage of pregnancy during summer and winter. 
However, all experimental groups of cows had significantly (P<0.001) lower 
glucose level in summer compared to respective winter values. 
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Table 8. Effects of season and stage of pregnancy on haemoglobin 
concentration, Hb (g/dL) in dairy cows. 
 
 
 
                Season 
                                                                                                                         LS 
 
 
                 Summer     Winter 
 
 
A   A11.39±2.00a   A11.41±2.84b * 
 
B   A11.99±2.04a   A11.48±1.17a NS 
 
C   B12.99±1.56a   B12.61±1.90a NS 
 
D   C13.46±1.32a   C13.36±1.41a NS 
 
LS ***                                          *** 
 
 
 
A,B,C : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 4 Effect of season and stage of pregnancy on haemoglobin                
               concentration (Hb) in dairy cows.    
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Table 9. Effects of season and stage of pregnancy on total leukocyte 
count, TLC (X10/µL) in dairy cows. 
 
 
 
                           Season 
                                                                                                                                      LS 
 
 
           Summer     Winter 
 
 
A              A8.41±1.30a   A8.79±2.11a     NS 
 
B              A8.42±1.27a   B9.69±2.17b  *** 
 
C              A8.66±1.37a   A8.63±2.38a  NS 
 
D              A8.25±1.37a   A7.92±2.989a  NS 
 
 
LS NS ** 
 
 
A,B: Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
**  : P<0.01  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 5: Effect of season and stage of pregnancy on total leukocyte count (TLC) in 
dairy cows.
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Table 10. Effects of season and stage of pregnancy on serum glucose 
concentration (mg/dL) in dairy cows. 
 
 
 
                 Season 
                                                                                                                       LS 
 
 
                Summer     Winter 
 
 
A   A24.33±13.20a  A51.73±18.01b *** 
 
B   A24.25±8.93a   A51.58±18.95b *** 
 
C   A23.10±7.77a   A50.73±21.16b *** 
 
D   A22.50±11.82a  A46.18±12.05b *** 
 
LS NS NS 
 
 
 Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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         Figure 6: Effect of season and stage of pregnancy on serum glucose 
concentration in dairy cows.
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3.1.8. Serum cholesterol 
 Table 11 and Fig. 7 show the effect of stage of pregnancy and season 
on serum cholesterol concentration (mg/dL) in dairy cows. There was no 
significant effect of stage of pregnancy during winter, but there was a slight 
decrease in cholesterol concentration with the advance of pregnancy, 
especially in late pregnancy in both seasons. The effect of season indicates 
that the serum cholesterol level was significantly higher in winter for early, 
mid and late pregnancy (P<0.001) and for the empty group (P<0.01). 
 
3.1.9. Serum triglyceride 
Table 12 and Fig. 8 show the effect of stage of pregnancy and season 
on serum triglyceride concentration (mg/dL) in dairy cows. There was no 
significant effect of stage of pregnancy on serum triglyceride level, but there 
was a slight decrease in serum triglyceride level with the advance of 
pregnancy. For all experimental groups, there was a significant (P<0.001) 
increase in triglyceride concentration in winter compared with respective 
summer values. 
 
3.1.10. Serum urea 
Table 13 and Fig. 9 show the effect of stage of pregnancy and season 
on urea concentration (mg/dL) in dairy cows. There was no significant 
difference between experimental groups during both seasons and there was no 
regular pattern. The effect of season shows that the serum urea level was 
significantly higher in winter for empty group, early and late pregnancy 
(P<0.01) as well as mid-pregnancy (P<0.001). 
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Table 11. Effects of season and stage of pregnancy on serum cholesterol 
concentration (mg/dL) in dairy cows. 
           
 
 
               Season 
                                                                                                                        LS 
 
 
     Summer     Winter 
 
 
A   A137.92±30.08a  A157.67±39.77b ** 
 
B   A128.75±17.53a  A149.73±30.82b *** 
 
C   A127.14±31.10a                      A146.33±36.27b *** 
 
D   A125.18±38.66a  A142.60±35.12b *** 
 
 
LS NS                                              NS 
 
 
Mean values within the same column with similar superscripts (capital) are significantly 
different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
**  : P<0.01  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 7: Effect of season and stage of pregnancy on serum cholesterol 
concentration in dairy cows.
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Table 12. Effects of season and stage of pregnancy on serum triglyceride 
concentration (mg/dL) in dairy cows. 
 
 
 
                   Season 
                                                                                                                        LS 
 
 
                Summer     Winter 
 
 
A   A33.10±16.99a  A49.14±10.76b *** 
 
B   A33.04±13.71a             A48.52±10.62b *** 
 
C   A30.56±13.63a  A51.70±15.76b *** 
 
D   A27.15±16.42a  A45.20±15.55b *** 
 
            LS NS                                           NS 
 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 8: Effect of season and stage of pregnancy on serum triglyceride 
concentration in dairy cows.
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Table 13. Effects of season and stage of pregnancy on serum urea 
concentration (mg/dL) in dairy cows. 
 
 
 
 
               Season 
                                                                                                                                    LS 
 
 
     Summer     Winter 
 
 
A   A29.31±7.73a   A34.94±12.05b ** 
 
B   A32.13±7.54a   A37.77±11.58b ** 
 
C   A30.10±7.98a   A35.37±11.19b    *** 
 
D   A31.44±8.54a   A36.77±10.42b ** 
 
  
LS                                       NS                                           NS 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
**  : P<0.01  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 9: Effect of season and stage of pregnancy on serum urea concentration in 
dairy cows.
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3.1.11. Alanine aminotransferase (ALT)  
Table 14 and Fig. 10 show the effect of stage of pregnancy and season 
on serum ALT activity (U/L) in dairy cows. There was progressive increase in 
ALT activity with the advance of pregnancy in both seasons and there was a 
significant (P<0.001) increase in ALT activity in mid and late pregnancy in 
summer and in late pregnancy in winter. The season had no significant effect 
on ALT activity in all experimental groups. 
 
3.1.12. Aspartate aminotransferase (AST)  
The effects of stage of pregnancy and season on serum AST activity 
(U/L) in dairy cows are shown in Table 15 and Fig. 11. There was an increase 
in AST activity with the advance of pregnancy in both seasons, and there was 
a significant (P<0.001) increase in AST activity in late pregnancy during 
summer and winter (P<0.05). Season had no significant effect on AST 
activity, although for all experimental groups, summer values were slightly 
higher compared to respective winter values. 
 
 
3.1.13. Serum calcium (Ca) 
The effects of stage of pregnancy and season on Ca concentration 
(mg/dL) in dairy cows are shown in Table 16 and Fig. 12. There was a slight 
decrease in Ca level with the advance of pregnancy during summer and 
winter. Season had no significant effect on serum Ca level in all experimental 
groups. 
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Table 14. Effects of season and stage of pregnancy on serum alanin 
amintransferase (ALT) activity (U/L) in dairy cows. 
 
 
 
 
                 Season 
                                                                                                                        LS 
 
 
     Summer     Winter 
 
 
A   A10.25±3.86a   A10.46±2.41a NS 
 
B   A10.81±4.25a   A10.48±6.80a NS 
 
C   B12.78±6.42a   A11.54±4.13a NS 
 
D   B14.46±7.50a   B13.58±5.89a NS 
 
LS                                        ***                                       *** 
 
 
A,B : Mean values within the same column with different superscripts (capital) are 
significantly different.  
Mean values within the same row with similar superscripts (small) are not significantly 
different. 
 
 LS: Level of significance.   
***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 10: Effect of season and stage of pregnancy on serum alanin 
aminotransferase (ALT) activity in dairy cows.
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Table 15. Effects of season and stage of pregnancy on serum aspartate 
aminotransferase (AST) activity (U/L) in dairy cows. 
 
 
 
 
                     Season 
                                                                                                                      LS 
 
 
     Summer     Winter 
 
 
A   A21.10±8.79a   A19.39±8.02a NS 
 
B   A22.27±6.53a   A20.23±6.05a NS 
 
C   A22.33±8.02a   A21.55±8.96a NS 
 
D   B28.40±12.51a   B24.93±9.93a NS 
 
LS                                       ***                                       * 
 
 
A,B: Mean values within the same column with different superscripts (capital) are 
significantly different.  
Mean values within the same row with similar superscripts (small) are not significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure11: Effect of season and stage of pregnancy on serum aspart 
aminotransferase (AST) activity in dairy cows.
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Table 16. Effects of season and stage of pregnancy on serum calcium (Ca) 
concentration (mg/dL) in dairy cows. 
 
 
 
 
                 Season 
                                                                                                                       LS 
 
 
     Summer     Winter 
 
 
A   A7.92±2.11a   A7.85±2.10a NS 
 
B   A7.64±2.17a   A7.88±2.13a NS 
 
C   A7.59±1.71a   A7.49±1.62a NS 
 
D   A6.96±1.38a   A6.98±1.68a NS 
 
LS  NS                                           NS 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
Mean values within the same row with similar superscripts (small) are not significantly 
different. 
 
 LS: Level of significance. 
NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 12: Effect of season and stage of pregnancy on serum calcium 
(Ca) level in dairy cows.
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3.1.14. Serum phosphorus (P) 
Table 17 and Fig. 13 show the effect of stage of pregnancy and season 
on P concentration (mg/dL) in dairy cows. There was a significant (P<0.05) 
decrease in P concentration in mid and late pregnancy during summer, but 
during winter, the decrease in P concentration with the advance of pregnancy 
was not significant. The effect of season shows that winter values were 
significantly lower for empty cows, early pregnancy and late pregnancy group 
(P<0.001) as well as mid-pregnancy group (P<0.01). 
 
 
3.1.15. Serum magnesium (Mg) 
The effects of stage of pregnancy and season on Mg concentration 
(mg/dL) in dairy cows are shown in Table 18 and Fig. 14. There was no 
significant effect of stage of pregnancy on Mg concentration in both seasons, 
but there was a slight dropping in Mg concentration during late pregnancy in 
both seasons. There was significant decrease in Mg concentration during 
summer in the empty group (P<0.05) and in the early pregnancy group 
(P<0.01). There was also a slight decrease in Mg concentration during 
summer in the mid and late pregnancy groups. 
 
 
3.1.16. Serum thyroid stimulating hormone (TSH) 
Table 19 and Fig. 15 show the effect of stage of pregnancy and season 
on serum TSH level (mIU/L) in dairy cows. The stages of pregnancy showed 
no significant variation during both seasons. In all groups, TSH values were 
higher in summer compared to respective winter values. 
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Table 17. Effects of season and stage of pregnancy on serum phosphorus 
(P) concentration (mg/dL) in dairy cows. 
 
 
 
   
                 Season 
                                                                                                                    LS 
 
 
     Summer     Winter 
 
 
A   A 4.64±0.89a   A3.83±1.30b  *** 
 
B   A 4.43±0.94a   A3.68±1.05b  *** 
 
C   B 4.31±0.82a   A3.42±1.39b             **  
 
D   B 4.15±0.76a   A3.33±1.09b            ***  
 
  
            LS * NS 
 
A,B: Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  **: P<0.01  ***: P<0.001            NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 13: Effect of season and stage of pregnancy on serum 
phosphorus (P) level in dairy cows.
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Table 18. Effects of season and stage of pregnancy on serum magnesium 
(Mg) concentration (mg/dL) in dairy cows. 
 
 
 
                 Season 
                                                                                                                 LS 
 
 
     Summer     Winter 
 
 
A   A 1.71±0.44a   A1.88±0.37b * 
 
B   A 1.77±0.43a   A1.90±0.36b ** 
 
C   A 1.82±0.64a   A1.87±0.25a NS 
 
D   A 1.70±0.61a   A1.82±0.32a NS 
 
LS NS  NS 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  **  : P<0.01  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 14: Effect of season and stage of pregnancy on serum magnesium (Mg) level 
in dairy cows.
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Table 19. Effects of season and stage of pregnancy on serum thyroid 
stimulating hormone (TSH) level (mIU/L) in dairy cows. 
 
 
 
 
                Season 
                                                                                                                             LS   
 
 
     Summer     Winter 
 
 
A   A 0.73±0.35a   A 0.64±0.27a   NS 
 
B   A 0.76±0.29a   A 0.68±0.21a   NS 
 
C   A 0.71±0.31a   A 0.69±0.24a  NS 
 
D   A 0.78±0.30a   A 0.66±0.17a  NS 
 
LS  NS                                           NS 
 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
Mean values within the same row with similar superscripts (small) are not significantly 
different. 
 
 LS: Level of significance. 
NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 15: Effect of season and stage of pregnancy on serum thyroid stimulating 
hormone (TSH) level in dairy cows.
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3.1.17. Serum thyroxine (T4) 
Table 20 and Fig. 16 show the effect of stage of pregnancy and season 
on serum T4 level (nmol/L) in dairy cows. There was no significant difference 
between groups during summer and winter. There was a significant decrease 
in T4 level during summer compared with winter in all stages of pregnancy 
(P<0.01) and in the empty group (P<0.001). 
 
3.1.18. Serum triiodothyronine (T3) 
The effect of stage of pregnancy and season on serum T3 level (nmol/L) 
in dairy cows is shown in Table 21 and Fig. 17. There was no significant 
variation between groups during both seasons, but there was a slight decrease 
in T3 level in mid and late pregnancy groups. Season had no significant effect 
on T3 level in all experimental groups. 
 
3.1.19. Serum cortisol 
Table 22 and Fig. 18 show the effect of stage of pregnancy and season 
on serum cortisol level (ng/mL) in dairy cows. There was a progressive 
increase in cortisol level with the advance of pregnancy in both seasons and 
there was a significant (P<0.001) increase in cortisol level in dairy cows in 
mid and late pregnancy during summer. During winter, cortisol level was 
significantly (P<0.05) higher in late pregnancy. The effect of season indicates 
that the cortisol level was significantly higher in summer for early pregnancy 
(P<0.01) and for mid and late pregnancy (P<0.001).  Season had no 
significant effect on cortisol level for the empty group. 
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Table 20. Effects of season and stage of pregnancy on serum thyroxine 
(T4) level (nmol/L) in dairy cows. 
 
 
 
 
                 Season 
                                                                                                                  LS 
 
 
     Summer     Winter 
 
 
A   A 29.61±3.88a   A 34.42±2.68b  *** 
 
B   A 28.61±4.87a   A 33.50±4.35b       **  
 
C   A 27.83±4.11a   A 33.25±4.98b        ** 
 
D   A 26.11±4.40a   A32.83±4.78a  ** 
 
LS NS                                           NS 
 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
**  : P<0.01  ***: P<0.001  NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
 
 
 
 103
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Effect of season and stage of pregnancy on serum thyroxine (T4) 
concentration in dairy cows.
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Table 21. Effects of season and stage of pregnancy on serum 
triiodothyronine (T3) level (nmol/L) in dairy cows. 
 
 
 
 
                 Season 
                                                                                                                 LS 
 
 
     Summer     Winter 
 
 
A   A 0.59±0.16a   A 0.51±0.13a NS 
 
B   A 0.58±0.13a   A 0.54±0.13a NS 
 
C   A 0.58±0.16a   A 0.52±0.08a NS 
 
D   A 0.56±0.08a   A 0.51±0.11b NS 
 
 
LS NS                                           NS 
 
Mean values within the same column with similar superscripts (capital) are not 
significantly different.  
Mean values within the same row with similar superscripts (small) are not significantly 
different. 
 
 LS: Level of significance. 
NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 17: Effect of season and stage of pregnancy on serum triiodothyronine (T3) 
concentration in dairy cows.
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Table 22. Effects of season and stage of pregnancy on serum cortisol level 
(ng/mL) in dairy cows. 
 
 
 
 
                Season 
                                                                                                                   LS 
 
 
     Summer     Winter 
 
 
A   A 21.36±4.11a   A 15.86±4.88a          NS  
 
B   A 23.67±4.75a   A 16.42±4.45b        **  
 
C   B 29.22±2.42a   A 17.32±4.86b         *** 
 
D   B 31.82±4.54a   B 22.22±2.32b         ***  
 
LS ***                                             * 
 
 
 
A,B: Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b: Mean values within the same row with different superscripts (small) are significantly 
different. 
 
 LS: Level of significance. 
*    : P<0.05  **: P<0.01  ***: P<0.001            NS: Not significant 
 
A: Empty cows 
B: Early pregnancy 
C: Mid pregnancy 
D: Late pregnancy 
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Figure 18: Effect of season and stage of pregnancy on serum cortisol concentration 
in dairy cows
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3.2. Diurnal changes in physiological responses in high and low 
producing dairy cows 
The data obtained from the investigations of diurnal rhythm in high and 
low producing cows for 48 hours on thermoregulation, blood constituents and 
hormones are presented as means values ± standard deviation. The details of 
statistical analysis are shown in the Appendix. 
 
3.2.1. Climatic conditions 
 
The ambient temperature (Ta) and relative humidity (RH) prevailing 
during the experimental periods (10th and 11th of November/ 2008) indicate 
that the highest Ta value was measured at 12: p.m. during first and second 
day and it was 36 ºC, The minimum Ta value was 25 ºC at 6:00 a.m. The 
maximum RH was 40% at 6:00 a.m and the minimum value was 25 % at 12: 
p.m. The changes in Ta and RH did not reach critical point above or below 
comfortable zone of dairy cows during experimental period. 
 
3.2.2. Rectal temperature (Tr) 
Fig. 19 shows the diurnal rhythm of rectal temperature (ºC) in high and 
low producing dairy cows. There was a slight increase in rectal temperature 
during day time (12:00 PM and 6:00PM) especially during the afternoon 
compared to other collection times in both groups of cows, but this increase 
did not reach the significance level. The effect of production level on rectal 
temperature show an increase in Tr in the high producing cow compared to 
the values in the low producing cows.  
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3.2.3. Respiratory rate (RR) 
 Fig. 20 shows diurnal rhythm of RR (breath/min) in high and low 
producing dairy cows. There was a slight increase in the RR during afternoon 
period (12:00 p.m.) compared to values in the different time in the both 
groups of cows. The high producing cows maintained higher RR values 
throughout period of measurement. 
 
 
3.2.4. Packed cell volume (PCV) 
The diurnal rhythm of PCV (%) in high and low producing dairy cows 
is shown in Fig. 21. There was no marked diurnal variation in both groups of 
cows. The effect of milk production on PCV values shows a slight increase in 
PCV in high producing cows compared to low producing cows. 
 
 
3.2.5. Haemoglobin concentration (Hb) 
The diurnal rhythm of Hb concentration (g/dL) in high and low 
producing dairy cows is shown in Fig. 22. There was a significant (P<0.001) 
increase in Hb concentration during the afternoon period (12:00 p.m.) and 
then there was a significant decrease (P<0.001) in Hb values at (6:00 p.m.) in 
both groups of cows. The production level had no significant effect on Hb 
concentration. 
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Figure19:Diurnal rhythm of rectal temperature (ºC) in high and low producing dairy 
cows.
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Figure20: Diurnal rhythm of respiratory rat (RR) in high and low producing dairy cows.
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Figure 21:Diurnal rhythm of PCV (%) in high and low producing dairy cows.
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Figure 22: Diurnal rhythm of haemoglobin concentration (Hb) (g/dL) in high and low 
producing dairy cows.
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3.2.6. Plasma glucose 
The diurnal rhythm of plasma glucose concentration (mg/dL) in high 
and low producing dairy cows is shown in Fig. 23. There was a significant 
decrease in plasma glucose concentration at the beginning of experiment 
(6:00 a.m.) in high producing cows (P<0.001) and in low producing cows 
(P<0.001), and then there was no regular diurnal pattern for plasma glucose 
level. The high producing cows maintained slightly lower plasma glucose 
level compared to low producing cows. 
 
 
3.2.7. Serum cholesterol 
The diurnal rhythm of serum cholesterol concentration (mg/dL) in high 
and low producing dairy cows is shown in Fig. 24. There was no significant 
pattern of diurnal variation in both groups of animals in serum cholesterol 
concentration. Generally, the high producing cows had slightly lower serum 
cholesterol level compared to low producing cows. However, at (12:00 AM) 
during first day of study, the serum cholesterol level of high producing cows 
was significantly (P<0.05) lower than low producing cows. 
 
3.2.8. Serum triglyceride 
The diurnal rhythm in serum triglyceride concentration (mg/dL) in high 
and low producing dairy cows is shown in Fig. 25. There was no significant 
nycthermal change in both groups of cows. The triglyceride concentration 
was slightly lower in the high producing cows compared to values in low 
producing cows. 
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Figure 23: Diurnal rhythm of plasma glucose concentration (mg/dL) in high and low 
producing dairy cows.
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Figure 24: Diurnal rhythm of serum cholesterol concentration (mg/dL) in high and low 
producing dairy cows.
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Figure 25: Diurnal rhythm of serum triglyceride concentration (mg/dL) in high and low 
producing dairy cows.
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3.2.9. Serum urea 
The diurnal rhythm of serum urea concentration (mg/dL) in high and 
low producing dairy cows is shown in Fig. 26. There was no significant 
diurnal change in serum urea level in both groups of cows. There was a slight 
decrease in serum urea concentration in high producing cows compared to 
values in low producing cows during the study. 
 
 
3.2.10. Alanine aminotransferase (ALT)  
The diurnal rhythm of serum ALT activity (U/L) in high and low 
producing dairy cows is shown in Fig. 27. There was no regular diurnal 
rhythm and significant variation in the ALT activity in both groups of cows. 
The high producing cows had slightly higher level of ALT activity compared 
to low producing cows. 
 
 
3.2.11. Aspartate aminotransferase (AST)  
The diurnal rhythm of serum AST activity (U/L) in high and low 
producing dairy cows is shown in Fig. 28. The nycthermal variation was not 
significant and the pattern of variation was irregular in high and low 
producing dairy cows. The high producing cows maintained slightly higher 
AST activity compared to the low producing cows. 
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Figure 26: Diurnal rhythm of serum urea concentration (mg/dL) in high and low 
producing dairy cows.
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Figure 27: Diurnal rhythm of serum ALT activity (U/L)in high and low producing dairy 
cows.
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Figure 28: Diurnal rhythm of serum AST activity (U/L) in high and low producing dairy cows.
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3.2.12. Serum cortisol 
Fig. 29 shows the diurnal rhythm of serum cortisol level (ng/ml) in 
high and low producing dairy cows. In both groups of cows, there was an 
increase in serum cortisol level during the day time (12:00 p.m. and 6:00 
p.m.), especially during the afternoon compared to values obtained in the 
early morning and during the night. The high producing cows had slightly 
higher serum cortisol level compared to the low producing cows. 
 
3.2.13. Serum insulin 
The diurnal rhythm of serum insulin level (mIU/L) in high and low 
producing dairy cows is shown in Fig. 30. There was no regular diurnal 
pattern of serum insulin concentration and the variation was not significant in 
both groups of cows. The low producing cows had significantly (P<0.01) 
lower serum insulin level at 6:00 p.m. during day 2. However, the insulin 
level tended to be higher in the high producing cows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 123
Figure 29: Diurnal rhythm of serum cortisol level (ng/ml) in high and low producing 
dairy cows.
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Figure 30: Diurnal rhythm of serum insulin level (mIU/L) in high and low producing 
dairy cows.
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CHAPTER FOUR 
 
    DISCUSSION 
 
 
 
This thesis evaluated the effects of seasonal change in thermal 
environment and pregnancy on thermoregulation, blood constituents and 
endocrine responses in crossbred dairy cows. The study also investigated the 
nycthermal changes in the responses of high and low producing crossbred 
dairy cows during 48 hours. . 
Under natural climatic conditions during two seasons  (summer and 
winter), crossbred dairy cattle were assigned to different stages of pregnancy 
during each season and the normal physiological responses were monitored 
under normal dairy farm husbandry system. The weekly mean values of 
ambient temperature  (Ta) and relative humidity  (RH) recorded during the 
experimental period are shown in Tables 3 and 4. The computed temperature-
humidity index  (THI) value during summer was  (80.92) which is considered 
as a heat stress condition; during winter THI was  (65.75) which is considered 
comfortable for dairy cows as reported by McDowell et al.  (1976).  
 
4.1. Effect of season and pregnancy on physiological responses 
 
 The results indicate that thermoregulation in dairy cattle was 
influenced by pregnancy and season. Tables 5 and 6 indicate that generally 
there was progressive increase in rectal temperature  (Tr) and respiratory rate  
(RR) with the advance of pregnancy in both seasons, and there was a 
significant increase in Tr values in dairy cows during mid and late pregnancy 
during summer. Moreover, there was a significant increase in RR in late 
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pregnancy during winter. The increase in Tr and RR with the advance of 
pregnancy could be attributed to increase in metabolic heat production. 
Previous studies have reported an increase in metabolic heat production 
during pregnancy  (Metcalfe, 1988; Freetly and Ferrell, 1997). On the other 
hand, studies indicated that the extra heat production that occurs during 
pregnancy is primarily foetal in origin and the foetus loses its heat via the 
foetal circulation and uterine wall  (Rattray et al., 1974; Schroder et al., 
1988). Furthermore, hormones play a major role in thermoregulation during 
pregnancy, especially secretion of T4, adrenocortical hormones and sex 
hormones may increase basal metabolic rate during mid and late pregnancy 
which influence body temperature  (Guyton, 1996). Also secretion of 
progesterone during pregnancy by the corpus luteum increases the sensitivity 
of the respiratory centre to CO2 which influences RR  (Guyton, 1996). The 
increase in RR during pregnancy could be also related to the fact that 
pregnancy leads to limited excursion of the diaphragm during inspiration; 
when expansion of the lungs is restricted, adequate ventilation is maintained 
by increase in respiratory frequency. 
The present results indicate that seasonal change in thermal 
environment had marked influence in thermoregulation of cows. There was a 
significant increase in Tr and RR values in all experimental groups during 
summer compared to respective winter values  (Tables 5 and 6). Exposure of 
lactating dairy cows to heat stress was shown to induce an increase in the RR 
and core body temperature  (Tr) associated with reduction in the rate of 
metabolism, feed intake and milk production with consequent loss of 
productivity during summer months  (Armstrong, 1994). In the present study 
the mean values of ambient temperature during winter and summer were 21.3 
°C and 32.9 °C, respectively. Berman et al.  (1985) suggested that the upper 
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limit of ambient temperatures at which dairy cows may maintain a stable 
body temperature is 25 to 26°C and that above 25°C. Furthermore, the heat 
load accumulated by the cow subjected to heat stress is the summation of heat 
gained from the environment and failure of dairy cows to dissipate heat 
associated with increase in THI values above 78. Obviously, with similar 
body size and surface area, the lactating cow has significantly more heat to 
dissipate than a non-lactating cow, and will have greater difficulty in 
dissipating the heat during hot, humid conditions. It is known that the heat 
stress increases Tr, as well as RR in dairy cows  (Marai et al., 1997; Itoh et 
al., 1998). Eigenberg et al.  (1999) reported that RR positively correlates with 
ambient temperature. Gaughan et al.  (2000) suggested using respiratory rate 
as an indicator of heat stress in dairy cows.  
 
The results indicate that pregnancy had marked influence on the packed 
cell volume  (PCV) and haemoglobin concentration  (Hb) in dairy cows. In 
both seasons, the PCV showed a significant increase with the advance of 
pregnancy compared with the empty group of cows  (Table 7). The observed 
increase in PCV during pregnancy in the present study agrees with the finding 
of Baqi and Rahman  (1987) who investigated haematological values at 
different stages of pregnancy in dairy cows. Similar results were reported in 
sheep  (Anosa and Ogabongue, 1979; Hassan et al., 1987). This pattern was 
attributed to better nutrition to mitigate the stress of pregnancy or increased 
oxygen requirement in pregnant animals. This finding contradicts previous 
studies which reported decrease in PCV with the advance of pregnancy  
(Hassan and El-nouty, 1985; Fortagane and Sharef, 1989).  This disagreement 
is probably related to differences in nutritional supplementation during 
pregnancy, as the amount of concentrate supplemented to pregnant lactating 
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cows is large compared to amount offered to non-pregnant cows.  Jain  (1986) 
indicated that the dietary supplementation is essential for normal 
erythropoiesis in mammals.  
 
 During pregnancy, the Hb concentration showed a pattern similar to 
that of PCV; it increased with the advance of pregnancy  (Table 8). This 
increase in Hb concentration may be attributed to higher demand for oxygen 
to meet the requirements for higher metabolic rate for pregnancy. During the 
second half of pregnancy, the basal metabolic rate increases about 15% as a 
consequence of the secretion of many hormones including thyroxine, 
adrenocortical hormones and the sex hormones  (Guyton, 1996). The 
observed increase in Hb concentration during pregnancy in the present study 
agrees with the finding of Baqi and Rahman  (1987) in dairy cows. The 
increase in Hb concentration may also be associated with erythrocyte release 
from the spleen due to the stress of pregnancy  (Kumar and Pachauris, 2000), 
or due to changes in erythrocyte stimulating factor  (ESF) release which is 
governed by the relationship between the oxygen demand of tissues and the 
amount of oxygen carried  by the blood  (Jain, 1986). 
 
 The responses of PCV and Hb concentration in the present study 
showed no significant difference between summer and winter at different 
stages of pregnancy  (Tables 7 and 8). As previously indicated, the 
concentrate supplementation and improvement of nutritional status during 
pregnancy may counteract thermal load by enhancing erythropoiesis. The lack 
of response of PCV an Hb concentration to season reported in the present 
study agrees with Toharmat and Kume,  (1997) who did not find any 
significant difference in PCV and Hb concentration values between hot and 
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cood weather. This pattern disagrees with the findings of Toharmat et al.  
(1998) who reported an increase in PCV and Hb concentration in summer.  
On the other hand, the current results revealed a significant decrease in the 
PCV and Hb concentration during summer compared with winter values in 
the empty group of cows. This decrease in PCV and Hb is likely associated 
with haemodilution effect, because more water was transported in circulatory 
system for evaporative cooling. The observed decrease in PCV and Hb 
concentration in empty cows during summer agrees with the findings reported 
by Lee et al.  (1976). However, Habeeb et al.  (1992) indicated that a decline 
in PCV and Hb during heat stress could be attributed to red cell destruction, 
haemodilution, and/ or reduction in cellular oxygen requirements in order to 
minimize the metabolic heat load. 
The stage of pregnancy did not induce significant change in total 
leukocytes count  (TLC) during summer  (Table 9). During winter, the TLC 
was significantly higher in early pregnancy compared with other 
physiological states. This irregular pattern of TLC during pregnancy is 
contrary to previous study by Manzoor  (2008) which reported an increase in 
TLC during mid pregnancy with a slight decrease toward the end of 
pregnancy. The irregular pattern in the current study could be attributed to the 
fact that TLC value is influenced by factors which induce secretion of 
hormonal and environmental stress. The current results are in conformity with 
Kornmatitsuk et al.  (2004) who reported constant number of leukocytes and 
neutrophils up to two weeks before parturition with slight decrease in 
lymphocytes and eosinophils during the last week of pregnancy in Holstein 
dairy cows. 
The season had a significant influence on TLC in early pregnancy  
(Table 9); the TLC was significantly higher in winter compared with summer 
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value. This finding disagrees with previous results  (Lee et al., 1976) which 
indicated that elevated ambient temperature evoked leukocytosis in cattle. On 
the other hand, Koubkova et al.  (2002) found a significant decrease in TLC 
during hot period and then a significant rise in TLC in the cold period. 
The results indicated that pregnancy and season influenced the kinetics 
of blood glucose in crossbred dairy cows. There was a decrease in plasma 
glucose level in the dairy cows with the advance of pregnancy in both 
seasons, but the change did not reach a significant level  (Table 10). The 
decrease in glucose level with the advance of pregnancy may be attributed to 
mobilization of maternal glucose into foetal circulation through an active 
transport process across the placenta. This finding agrees with previous 
studies by Parakash and Tendon,  (1978) in dairy cows. Tainturier et al.  
(1984) attributed the decrease in the concentration of glucose in dairy cows at 
the end of pregnancy to a relatively poor diet and/or a higher energy 
requirement for foetal anabolism and/or the progressive appearance of foetal 
insulin. Foetal insulin was reported to pass into the maternal blood flow  
(Steinke and Driscoll 1965). The decrease in plasma glucose level agrees with 
previous finding reported in cows  (Tainturier et al., 1984), in goats  (Mbassa 
and Poulson, 1991) and in ewes  (Hassan et al., 1987). On the other hand, 
other studies reported an increase in glucose level with the advance of 
pregnancy  (Swenson, 1993; Hill et al, 1984) and attributed that to the stress 
of pregnancy and associated rise in secretions of glucocorticoides and 
adrenaline which stimulate glycogenolysis in the liver. 
 
In the present study, the plasma glucose level was lower during 
summer compared to the respective winter values in all physiological states of 
dairy cows  (Table 10). This may be related to a decrease in feed intake and 
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could be associated with decrease in gluconeogenesis. Ronchi et al.  (1995) 
reported decreased glucose level during hot summer months in dairy cows. 
The increase in respiratory rate may cause rapid utilization of blood glucose 
by the respiratory muscles and thus result in a decrease in blood glucose 
content under heat stress. Several previous studies observed a decrease in 
glucose level during heat stress in dairy cows  (Abeni et al., 1993; Marai et 
al., 1995; Itoh et al., 1998). 
Pregnancy did not elicit a significant effect on serum cholesterol level 
of dairy cows during both seasons  (Table 11). However, there was a slight 
decrease in cholesterol level with the advance of pregnancy, especially in the 
late pregnancy group in both seasons. Previous studies during different stages 
of pregnancy in dairy cows revealed irregular pattern of cholesterol level  
(Beran and Ulker, 2006). However, other reports showed a marked reduction 
in lipogenesis during pregnancy  (Watson et al., 1993; Nazifi et al., 2002). 
The reduction in cholesterol concentration in late pregnancy in the current 
study is probably attributed to the role of ovarian steroidogenesis  (Piccione 
and Giannetto, 2009) and could be associated with changes in endocrine 
status and to a decrease in dry matter intake during this period with influence 
on lipid metabolism  (Drackley, 2002). Vandehaar et al.  (1999) showed that 
feeding prepartum diets affects blood lipid concentrations and lipid 
infiltration of the liver. 
Serum cholesterol level was significantly lower in summer compared to 
the values obtained in winter  (Table 11). This result could be attributed to 
heat- induced metabolic disorder as energy input would not satisfy energy 
need and, thus, accelerate body fat catabolism resulting in decreased 
cholesterol level during the hot season. This disorder reflects a greater energy 
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demand on the animals during heat stress  (Wayman et al., 1962; McDowell, 
1968; McDowell et aI., 1969) 
The results showed no significant difference in serum triglyceride level 
in relation to stage of pregnancy or season; however, there was a reduction in 
triglyceride concentration with progress of pregnancy  (Table 12). The 
reduction in triglyceride level may be attributed to decrease in dry matter 
intake during late pregnancy or changes in endocrine status influencing lipid 
metabolism  (Drackley, 2002). The decrease in serum triglycerides observed 
in the current study is in accordance with increased concentration of these 
compounds in liver  (Smith and Walsh, 1975). The current result agrees with 
the finding reported by Vandehaar et al.  (1999). 
 
 The significantly lower serum triglyceride concentration in summer 
compared to winter values may be attributed to the decrease in voluntary food 
intake in summer  (McGuire et al., 1989; Nardone et al., 1997). Marai et al.  
(1995) reported that summer heat caused a significant decrease in serum 
lipids and other serum metabolites and attributed that to decrease in roughage 
intake. The adaptation of endocrine mechanisms also seems to influence 
triglyceride level in dairy cattle  (Marai et al., 1995). 
 
The results obtained indicate that pregnancy had no significant effect 
on serum urea concentration of dairy cows during both seasons, and there was 
no regular pattern in serum urea concentration in different stages of 
pregnancy  (Table 13). Previous studies reported that the concentration of 
blood urea is affected mainly by nutritional factors  (composition and quantity 
of food)  (Harris, 1995; Westwood et al., 2000). The food intake and 
digestibility were not monitored in the present study. An increase in ammonia 
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concentration during pregnancy was attributed to amino acid degradation in 
the liver, and consequent urea concentration in blood  (Abdullah et al., 2008). 
However, in sheep, the plasma urea level started rising in week 10 of 
pregnancy and reached a peak at parturition; this was related to increase in 
cortisol secretion  (Silanikove, 2000). Elevated values of urea during late 
gestation could also be ascribed to high thyroid activity in pregnant females 
which induces an increase in protein catabolism  (Soliman et al., 1963). 
 
The serum urea concentration was significantly lower in summer 
compared to the respective winter values in all experimental groups of cows  
(Table 9). This result is in agreement with previous studies in dairy cows  
(Shaffer et al., 1981; Segura et al., 1979; Marai et al., 1995). It could be 
attributed to higher reabsorption of urea N from the blood to the rumen so as 
to compensate for the decrease in ruminal ammonia-N that resulted from 
lower feed intake  (Alnaimy et al., 1992). Furthermore, Kellaway and Colditz  
(1975) reported that Friesian cows responded to heat stress by increasing the 
N loss in urine and by decreasing N retention in relation to nitrogen intake. 
The authors also found that the reduction in N retention was associated with a 
decrease in RNA concentration in muscle tissue and an increase in the 
excretion rate of creatinine. 
The current results indicate that serum enzymes were influenced by 
physiological state and season. The responses of serum alanine 
aminotransferase  (ALT) and aspartate aminotransferase  (AST)  (Tables 14 
and 15) showed apparently a similar pattern; there was a slight progressive 
increase in ALT activity with advance of pregnancy in both seasons and there 
was a significant increase in ALT activity in mid and late pregnancy during 
summer and winter. Also there was a slight increase in AST activity with 
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progress of pregnancy in both seasons; but AST activity increased 
significantly only in late pregnancy during both seasons. This result is 
attributed to the fact that pregnancy constitutes a stress to the dam and alters 
body homeostasis and leads to physiological changes which accelerate with 
advance of pregnancy  (Metcalfe et al., 1988). Also, as reported by Cebra et 
al.  (1997), the negative energy status in dairy cattle mostly appears during 
three situations: in late pregnancy, in the first weeks of lactation, and during 
disease, and the transaminase enzyme activity reflects the stress and damage 
status that occurs in the body  (Kawashima et al., 2007). However, previous 
studies in dairy cows reported irregular pattern of transaminase enzymes 
activity during pregnancy  (Tainturier et al., 1984). 
In the present study, the activities of ALT and AST were slightly higher 
in summer compared to winter values  (Tables 14and 15). This pattern is in 
agreement with finding reported by other workers  (Boots et al., 1970; Singh 
and Bhattacharya., 1984). Marai et al.  (1995) attributed an increase in serum 
transaminase enzymes activities to an increase in gluconeogenesis in cattle or 
the deleterious effects on thyroid which occur during heat stress. Moreover, 
Segura et al.  (1979) suggested that a marked increase  in respiratory activity 
during heat stress could increase the activity of transaminase enzymes. 
Yeruham et al.  (2003) reported that the increased activity of AST found in 
heat-stressed cows was associated with haemolysis and muscle damage. 
 
The results indicate that serum Ca and P levels were influenced by 
experimental treatments. The Ca level slightly decreased with the advance of 
pregnancy during summer and winter, particularly in late pregnancy, there 
was a drop in Ca level  (Table 16). The decrease in serum Ca level during late 
gestation may be related to an increase in the rate of movement of Ca from 
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maternal circulation to the foetal circulation which is not balanced by increase 
in the rate of absorption of Ca from the gut or bone  (Sansom et al., 1982). 
Blum et al.  (1973) indicated that changes in bovine Ca metabolism at 
parturition associated with an increased outflow of Ca to the udder may result 
in parturient hypocalcaemia, and this effect increases towards the end of 
gestation. However, changes in plasma Ca level before calving are unlikely to 
be determined solely by an increase in circulating oestrogens since neither 
ionic Ca nor total Ca of plasma is affected oestrus  (McLennan and 
Willoughby, 1973), although there is evidence that variations in circulating 
oestrogens could be associated with subclinical hypocalcaemia shortly after 
parturition and in oestrus  (Bach and Messervy, 1969). The decrease in Ca 
level during pregnancy and especially at late pregnancy may also be 
associated with haemodilution which has been reported during pregnancy in 
the cow  (Hassan and El-nouty, 1985). 
The data indicate that serum Ca level was not affected significantly by 
season. However, the values remained within the normal range during both 
seasons  (Table 16). This relative stability of serum Ca level despite changes 
in thermal environment is consistent with the concept that Ca level is 
controlled mainly by a sensitive hormonal mechanism involving hydroxylated 
metabolites of vitamin D  (which is affected by radiation), parathyroid 
hormone and thyrocalcitonin  (Swenson, 1993; Guyton, 1996).  
In the current study, there was slight progressive decrease in serum P 
level with the advance of pregnancy in both seasons; the decrease in P level in 
mid and late pregnancy during summer was significant, but during winter, the 
decrease in P level with the advance of pregnancy was insignificant  (Table 
17). Braithwaite,  (1983) attributed a similar decrease in serum P level during 
late pregnancy in sheep to an increase in the rate of mobilization of P out of 
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maternal circulation into the foetus, which was not balanced by increase in the 
rate of P absorption from the gut or in the rate of resorption of P from the 
bones of dam. Similar results were reported by Blum et al.  (1973) in cows 
during late pregnancy. The lower P level in winter in all physiological states 
could be associated with lower rate of synthesis of vitamin D3 which 
increases extracellular levels of Ca and P. Serum vitamin D3 concentrations 
in sheep have been associated with seasonal variations in solar radiation  
(Smith and Wright, 1981). The present results are in accordance with Yokus 
and Cakir,  (2006) who reported that in dairy cows reared under subtropical 
conditions, P level varied only with seasonal but not physiological changes. 
 The data indicate that there was no regular pattern of magnesium  (Mg) 
level during different stages of pregnancy and there were no significant 
change related to season, but there was a slight decrease in Mg level during 
late pregnancy in both seasons  (Table 18). Many factors associated with diet 
composition can affect minerals utilization and bioavailability. The serum Mg 
level is influenced by dietary protein level  (Hendricks et al., 1970) as well as 
Ca and P levels  (Underwood and Suttle, 1999) in the diet. Accordingly this 
irregular pattern may not be explained in terms of an imbalance between 
supply and demand. However, factors influencing the absorption of Mg from 
the gut, which include dietary protein and ammonia contents, could be 
implicated. The decrease in serum Mg level during late pregnancy is 
presumably related to haemodilution which usually occurs during late 
pregnancy. 
The serum Mg level was significantly lower during summer in the 
empty cows and in early pregnancy group. Also there was a slight decrease in 
Mg level during summer in mid and late pregnancy  (Table 18). That may be 
attributed to higher dietary protein level, and it could be associated with 
 137
increase in P level during summer which is associated with hypomagnesaemia  
(Blum et al., 1973). The current results are in agreement with previous reports  
(Kossila et al., 1970; Poulsen, 1974). On the other hand, Payne,  (1974) found 
higher level of Mg in dairy cattle during summer.  
 
In the present study, the endocrine responses of dairy cattle were 
evaluated. The results indicate that there was relative stability of serum 
thyroid stimulating hormone  (TSH) level during different seasons and stages 
of pregnancy  (Table 19). The serum levels of T3 and T4 during different 
stages of pregnancy seem to be affected mainly by THS secretion by feedback 
regulation of thyroid hormones. Increased thyroid hormone concentration in 
the body fluids decreases the secretion of TSH by the anterior pituitary  
(Guyton, 1996). Thyroid hormones inhibit secretion of TSH from the anterior 
pituitary by a direct effect and by weaker effect acting through the 
hypothalamus  (Christopherson, 1976). 
 
The results demonstrated a decrease in TSH level during winter in all 
experimental groups compared with summer  (Table 19). The relatively lower 
TSH level in winter illustrates the negative feedback effects of thyroid 
hormones on TSH secretion. The maintenance of thyroid secretion depends 
on the feedback interplay of thyroid hormones with TSH and TRH  (Ganong, 
2005). Thyroid hormones inhibit secretion of TSH from the anterior pituitary. 
Christopherson and Kennedy  (1983) reported reduced metabolism in cattle 
under heat stress conditions, and attributed that to reduced thyroid hormone 
secretion. 
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In the present study, there was a slight drop in T4 level in late 
pregnancy, especially during summer  (Table 20). The relative stability in 
serum T4 level during gestation in cross-bred dairy cows in the current study 
is in agreement with previous results  (Robertson and Falconer, 1961). The 
decline in T4 level during late pregnancy could be related to reduction in food 
intake and to the effect of milk synthesis during late gestation period. Hart et 
al.  (1978) reported that plasma T4 was higher in low-yielding cows. 
 
 The data indicate that there was a significant decrease in serum T4 level 
during summer compared with winter in all groups of cows  (Table 20). 
During exposure to hot environment, physiological adjustment by the 
thermoregulatory centre induces decrease in metabolic rate which is affected 
mainly by thyroid hormones  (Yousef and Johnson, 1967). Magdub et al.  
(1982) reported that the lower plasma concentrations and reduced excretion of 
T4 during heat stress are evidence of lower secretion rate of T4 and T3. It is not 
clear if the thyroid gland, thyroid stimulating hormone  (TSH), or 
hypothalamic releasing factors are affected by elevated body temperature, 
lower feed intake, or both. Other nutritional and hormonal interactions may be 
implicated  (Johnson et al., 1988). 
 
 
The serum triiodothyronine  (T3) level was not affected significantly by 
the stage of pregnancy in both seasons  (Table 21), but there was a slight 
decrease in T3 level in mid and late pregnancy. Previous studies showed 
variable responses of thyroid hormones during gestation. Henneman et al.  
(1955) and Robertson and Falconer,  (1961) failed to show a significant 
change in thyroid activity in ewes during any stage of pregnancy till the time 
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of parturition. Also, Bhattacharyya et al.  (1991) found non-significant 
differences among the mean percentages of I125 labeled T3 by resin during late 
pregnancy in Black Bengal goats. Heshmat et al.  (1984) reported increase in 
plasma T3 level during pregnancy in the dromedary camel, whereas Soliman 
et al.  (1963) observed increase in plasma T4 level during pregnancy in dairy 
cows. The decrease in the T3 level during mid and late pregnancy in the 
current study could be associated with increase in activity of mammary gland 
during late pregnancy to prepare udder tissues for a new lactation period 
which decreases the level of thyroid hormones. Studies by Vanjonack and 
Johnson,  (1975) confirmed negative relation between milk yield and thyroid 
hormones. Mittra,  (1974) reported that following thyroidectomy, the 
mammary gland undergoes extensive growth because of increased sensitivity 
to prolactin. 
The serum T3 level was not affected significantly by season. McGuire 
et al.  (1991) suggested that T3 level may be affected somewhat more by  the 
amount of feed intake than by thermal stress. The authors added that the 
concentration of T4 increased during thermal stress with similar concentration 
of T3 which suggests that monodeiodination is reduced during thermal stress. 
However, high environmental temperatures reduced thyroid activity, leading 
to decreased plasma concentrations of T3 in dairy cows  (Magdub et al., 
1982). 
 
The current results indicate that gestation and seasonal change in 
thermal environment influenced serum cortisol level of dairy cows  (Table 
22). In both seasons, there was a progressive increase in cortisol level with the 
advance of pregnancy and the increase was significant in late pregnancy. This 
change in cortisol level during pregnancy is presumably related to the growth 
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of the foetus which constitutes a physiological stress to the dam. Metcalfe,  
(1988) indicated that during mammalian pregnancy, reversible changes occur 
in maternal homeostasis. The increase in cortisol level during late pregnancy 
is related to approaching of parturition process and the effect of foetal 
cortisol. Previous studies have confirmed that the foetal source of cortisol is 
central to the survival of the neonate, as well as for lactation and parturition  
(Nathanielsz, 1993; Liggins, 1994). A maternal rise in cortisol level is related 
to the stress associated with labor and delivery in cows  (Adams and Wagner, 
1970; Hunter el al., 1977). 
Thermal stress during summer induced a significant increase in serum 
cortisol level in early, mid and late pregnancy compared with respective 
winter levels. Also there was insignificant increase in cortisol level in the 
empty cows during summer. Cortisol in blood is considered a reliable 
physiological endpoint for determining animal response to stress, and changes 
in blood cortisol or glucocorticoid concentrations in cows have been 
investigated under a variety of conditions  (Abilay et al., 1975). Chowers et 
al.  (1966) noted that high plasma cortisol level on the day of exposure to heat 
may indicate an acute responsive adrenocortical function due to stimulation of 
peripheral thermoreceptors in the skin resulting in activation of ACTH 
releasing mechanisms in the hypothalamus. The rise in cortisol level during 
summer in the present study is in general agreement with Bouroui et al.  
(2002) who reported higher plasma cortisol level of dairy cows in summer 
compared to values measured in spring. The authors reported a positive 
correlation between temperature-humidity index  (THI) and plasma cortisol 
concentration. 
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4.2. Diurnal changes in physiological responses in high and low 
producing dairy cows. 
In the current study, diurnal changes in physiological responses of high 
producing dairy cows  (average milk production: 14.3 Kg ⁄ day) and low 
producing dairy cows  (average milk production: 7 Kg ⁄ day) have been 
assessed at 6 hr intervals for 48 hrs. The parameters investigated included 
thermoregulation, haematological indices, metabolites, enzymes and 
hormones. 
The climatic data indicate that the highest Ta value  (36.5 ºC) was 
measured at 12: p.m. during the first and second day, and the minimum Ta 
value  (25 ºC)  was recorded at 6:00 a.m. the maximum RH was 40% at 6:00 
a.m and the minimum value was 25 % at 12: p.m. 
Thermoregulation in dairy cows exhibited a diurnal pattern. The data 
projected in Fig. 19 indicate that there was a slight increase in rectal 
temperature  (Tr) in the afternoon  (12:00 p.m.) in the high and low producing 
dairy cows. The relative thermostability in cows may be related to the fact 
that the natural climate is characterized by a slow change in mean temperature 
and the climatic data did not reach the critical point  (maximum Ta = 36.5˚C) 
which affects the thermoregulatory responses. Temperature homeostasis is 
maintained by the thermoregulatory system in which deviations from the set 
point temperature activate compensatory reactions; the degree of activation of 
compensatory reactions is proportional to the deviation from the regulated set 
point temperature  (Klerman et al., 2002). The present results for crossbred 
dairy cows under tropical conditions are in agreement with early studies by 
Wrenn et al.  (1961) who reported that the daily body temperature in bovine 
followed a general pattern with elevations in the morning  (5-7 a.m.) and 
again in the afternoon  (1-6 p.m.). The afternoon rise was usually higher than 
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the morning peak. The rhythmicity of body temperature has been widely used 
as an indicator of the rhythmicity of the biological clock  (Klerman et al., 
2002). However, the present study showed that the high producing cows 
maintained higher Tr values during the course of study. This result indicates 
that the high producing cows maintained a higher metabolic rate and 
produced heat more than low producing cows. High yielding dairy cows 
divert both dietary energy and mobilize body tissue to meet the high 
metabolic demands of the lactating udder, whereas low yielding cows, fed the 
same ration, will partition a varying proportion of the nutrients into body 
weight  (Kadzere et al., 2002). Blackshaw and Blackshaw,  (1994) reported 
that the most sensitive cattle categories to high ambient temperatures are 
lactating dairy cows, because they produce much more heat than non-lactating 
animals. 
The respiratory rate  (RR) showed a similar pattern to that of Tr             
(Fig. 20). There was a slight increase in RR during the afternoon in the high 
and low producing cows and high producing cows had higher RR compared 
with the rate in the low producing. The slight change in RR is coincident with 
the diurnal change in ambient temperature. The increase in RR during the 
afternoon is attributed to the increases in Tr because RR is affected directly by 
body temperature which is affected by ambient temperature. Eigenberg et al.  
(1999) reported that RR is positively correlated with ambient temperature 
which is highest during the afternoon. The increase in RR in high producing 
cows is attributed to higher need for oxygen for high metabolic demand for 
milk production and dissipation of extra heat. 
 
The diurnal rhythm of erythrocytic parameters  (PCV and Hb 
concentration) showed no regular pattern  (Figu. 21 and 22). The PCV did not 
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reveal significant change during the day time in high and low producing 
cows, but Hb concentration was significantly higher at 12:00 p.m. and 
significantly lower at 6:00 p.m compared to the values obtained at 6:00 and 
12:00 a.m. Erythrocytic parameters are affected by many factors including 
blood volume which is affecting by water consumption. Swenson,  (1993) 
indicated that the PCV and Hb concentration are altered when blood volume 
changes. As the water intake by cows was not monitored, the irregular pattern 
of PCV can not be interpreted in the light of fluid balance. 
  
The increase in Hb concentration at 12:00 p.m. may be related to rise in 
ambient temperature at mid day which may affect blood volume and drinking 
frequency during this time. Moreover, the volume of the body fluid and water 
balance may be interpreted in the Hb concentration during day time. The 
water balance is determined by water gain mainly by drinking and water loss 
by renal excretion, faecal water loss and evaporation from skin and 
respiratory tract. The decrease in the Hb concentration at 6:00 p.m. may be 
related to decrease in activity of dairy cows. 
 
The results indicate that the PCV level and Hb concentration were 
slightly higher in high producing cows compared to the values obtained for 
low producing cows. This increase may be attributed to high metabolic 
demand of high producing cows which is affected by oxygen transported by 
erythrocytes. The increase may also be attributed to decrease in blood volume 
of high producing cows as more water is lost in elaboration of milk. Murphy,  
(1992) reported that in the dairy cow, selection for high milk production is 
associated with increased water output that their daily water turnover rate 
probably is among the highest recorded for mammals. Under moderate 
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environmental conditions, the daily water turnover rate may range from 25% 
of total body water in cows producing 33 kg/day of milk to 35% of total body 
water in cows producing 50 kg/day of milk  (Chaiyabutr et al., 2008) 
 
In the present study, the diurnal rhythm of both high and low producing 
dairy cows showed irregular pattern in plasma glucose concentration and the 
values were significantly lower at 6:00 a.m.  (Fig. 23). This pattern agrees 
with findins reported by Lefcourt et al.  (1999) which indicate that glucose 
level showed high frequency of variation without any indication of a specific 
rhythm. However, plasma glucose level seems to be affected mainly by 
feeding time. Coggins and Field  (1976) observed a decrease in plasma 
glucose level  (11%) between samples taken 1.5 and 3.5 hours after feeding. 
The authors indicated that variation in glucose level with respect to the 
feeding and sampling times may be a significant source of variation in blood 
glucose level. Payne et al.  (1974 suggested that blood samples should be 
taken at a standard time relative to feeding instead of a fixed time of day. 
During the current study, the concentrate was offered to cows during milking 
time, but animals had free access to roughages during the day time and 
because of that, the feeding programme was not standardized. The lower 
plasma glucose levels reported for high producing cows compared to values 
in low producing cows may be related to the fact that the former divert both 
dietary energy and mobilize body tissue to meet the high metabolic demands 
of lactation, whereas low yielding cows, fed the same ration, will partition a 
varying proportion of the nutrients into body weight  (Hart et al., 1978). 
Moreover, high producing cows synthesize more lactose due to high 
production level which affects the plasma glucose level. Bickerstaffe et al.  
(1974) reported a decrease in plasma glucose level in high producing cows in 
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postpartum period and attributed that to the consequence of high demand for 
milk production, primarily for lactose synthesis.  
 
The serum cholesterol level showed no significant variation in diurnal 
rhythm in the high and low producing cows  (Fig. 24). The results agree with 
previous findings by Bitman et al.  (1990) which indicated a lack of circadian 
rhythm in the lipid profile. Moreover, Blum et al.  (1985) measured a number 
of hormones and metabolites over a 24-h period in lactating cows fed high 
and low energy diets and did not observe diurnal changes in blood 
cholesterol, triglyceride or phospholipids concentrations. However, Unshelm 
and Rappen,  (1968) reported a limited variation in the diurnal rhythm of 
serum cholesterol level when blood samples were collected every two hours. 
Previous studies indicated that blood lipid profile in dairy cows is affected 
mainly by feeding time. Coggins and Field,  (1976) observed different 
patterns of lipid profile before and after feeding time in the morning and 
afternoon time. The lower serum cholesterol concentration in high producing 
cows may be related to high milk production with high metabolic demand and 
increase in the activity of thyroid gland. Prior study  (Arave et al., 1975) 
indicates that heavy milking with related increase in thyroid activity could 
account for low serum cholesterol concentration. Rosenman et al.  (1952) 
reported that hypothyroidism results in hypercholesterolemia, whereas high 
levels of total plasma cholesterol are observed in the hypothyroid animals. 
The diurnal change in serum triglyceride concentration showed a 
similar rhythm to that of serum cholesterol; there was no regular pattern or 
diurnal variation in both groups of cows  (Fig. 25).  This result may indicate 
that the lipids content in the blood is sensitive and is affected by many factors. 
Christie,  (1981) reported that the amount and composition of the lipids 
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circulating in the blood of dairy cows are dependent upon a number of 
physiological variables which include the nature of the diet, time since 
feeding, age, breed, pregnancy and stage of lactation. In the present study, 
there were many factors that could influence the triglyceride level in the body, 
especially the amount of food and the feeding time. The lower serum 
triglyceride level in the high producing cows compared to the values in the 
low producing cows may be associated with high milk production and 
increased secretion of lipids in milk. Moreover, this decrease may also be 
associated with high metabolic demand and hyperactivity of thyroid gland 
which influenced the serum lipid profile. 
 
 The fluctuations in serum urea concentration in both experimental 
groups  (Fig. 26) suggest that serum urea concentration is not stable and may 
be affected by feeding. Downie,  (1975) found marked increase in urea 
concentration after feeding. Moreover, Coggins and Field  (1976) reported 
that urea concentration in cows fed high and low planes of nutrition were 60% 
and 90%, respectively higher than prefeeding early morning values. However, 
Manston et al.  (1971) found no change in urea concentration in dairy cows 
between 09:30 and 16:30 hours and indicated that the significance of diurnal 
variation of urea N is uncertain. The current results, however, disagree with 
the results of Lefcourt et al.  (1999) who reported a diurnal rhythm of urea 
concentration that was related to the feeding time. 
  The current study indicates that the high producing cows maintained 
slightly lower urea level  (Fig. 26). Rowlands et al.  (1975) reported that the 
urea concentration is often lower than average during the first month of 
lactation, but if protein intake is adequate for production, the concentration 
will return to normal values. Moreover, Harris  (1995) indicated that a plasma 
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urea value below 26 mg/dL is due to lack of low crude protein  (CP) or rumen 
digestible protein  (RDP) in the ration, while plasma urea concentrations 
above 39 mg/dL may be a result of an excessive amount of CP or RDP in the 
ration or insufficient amount of fermentable energy in the rumen. Lefcourt et 
al.  (1999) reported that the urea level showed a circadian rhythm, and it is 
unlikely that daily peaks were related to the time of feeding. Moreover, the 
authors reported that the urea concentrations started to rise around midnight 
and peaked before morning feeding, and also there was a rise in urea 
concentration after morning meals, and suggested that the circadian rhythm of 
blood urea can be eliminated or obscured by frequent restricted feedings. 
 
The activities of the aminotransferases enzymes aspartate 
aminotransferase  (AST) and alanine aminotransferase  (ALT) showed 
irregular and insignificant diurnal variation in the both high and low 
producing cows  (Fig. 27 and 28). This result may be due to the nature of 
aminotransferases enzymes and the factors which influence their activity. 
Aminotransferases enzymes usually show an increase in activity during stress 
periods, especially heat stress. Christopherson et al.  (1978) reported that 
ALT and AST activities in sheep increased significantly during hot season, or 
during suffering from liver diseases. Meyer and Harvey,  (1998) reported that 
the aminotransferases activities in dairy cows are most often associated with 
fatty liver syndrome, low appetite and the appearance of ketosis in dairy cows 
during early lactation. During the course of the current study the diurnal 
change in the climatic data was moderate  (maximum 36.5 ºC and minimum 
25 ºC) which cannot elicit variation in the activities of aminotransferases 
enzyme and the frequency of sampling did not allow for detection of changes 
in the activity of enzymes.  Also there was no report about presence of disease 
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or clinical problems in experimental animals. The slightly higher level of 
aminotransferase activity in high producing cows may be related to negative 
energy status associated with high milk production. Cebra et al.  (1997) 
reported that the negative energy status mostly appears during late pregnancy 
and in the first weeks of lactation. 
 
 In both groups of cows, the serum cortisol level was higher at 12:00 
p.m and 6:00 p.m. compared to the morning  (6:00 a.m.) and the mid night  
(12:00 a.m) values, but this elevation did not reach a significant level  (Fig. 
29). This pattern may be attributed to the normal activity of cows during the 
day; feeding and milking may stimulate increase in cortisol level, but in the 
early morning and during the night, the activity is decreased. The current 
results agree with previous reports  (Gorewit et al., 1992) which indicated that 
cortisol level in dairy cows tended to be greater during day time, implying a 
circadian rhythm affected by activities such as feeding or milking. Moreover, 
Morin and Dark,  (1992) indicated that the peak of cortisol level is attained 
after sunset when the animal demonstrates its greatest activity. On the other 
hand, MacAdam and Eberhart,  (1972) showed no regular diurnal rhythm of 
cortisol over particular periods of time in dairy cows. The higher serum 
cortisol level in high producing cows in the current study reflects the effect of 
high metabolic demand. Akers et al.  (1981) reported that cortisol in the dairy 
cow is an important component of many physiological functions including 
metabolism, mammogenesis, lactogenesis, and galactopoiesis. The increase in 
cortisol level may also be related to metabolic stress associated with higher 
milk production. Lefcourt et al.  (1993) reported that the glucocorticoids 
constitute an important component of many physiological functions, which 
include stress and metabolism. 
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In the present study, in both high and low producing cows, serum 
insulin level did not reveal significant diurnal variation  (Fig. 30).  In both 
groups of cows the feeding was not controlled, but the roughages were always 
available during day time and the concentrate was supplied during milking 
time without adjusting quantity. Insulin secretion and concentration in blood 
stream are related and associated with feed intake and quality. Previous 
studies reported rhythm of peripheral insulin associated with feeding in dairy 
cows  (Hove and Blom, 1973; Vasilatos and Wangness 1981). Hove and 
Blom  (1973) found two peaks of insulin concentration associated with twice 
daily feedings when blood was sampled hourly around feedings and every 3 
hr between feedings. . Blum et al.  (1985) found peaks 2 to 3 hr after twice 
daily feedings when blood samples were taken at 30-min interval around 
feedings otherwise every 1 to 2 hrs. Armentano et al.  (1984) found two 
insulin peaks when cows were fed twice daily. On the other hand, in the study 
by Vasilatos and Wangness  (1981) sampling every 10 min for 24 hr from 
dairy cows, multiple peaks were seen throughout the day not related to 
feeding.. The higher insulin level in the high producing cows could be 
associated with glucose kinetics. The results are in general agreement with 
Blom et al.  (1973) who reported that high milk production is associated with 
an energy demand that exceeds dietary intake of energy. Thus, the 
concentrations of metabolic regulatory hormones, such as insulin and growth 
hormone  (GH), are altered to facilitate mobilization of endogenous energy 
stores. Previous studies reported that cows with very high yields, compared 
with cows with markedly lower yields within the same herd, differ with 
respect to metabolic, enzymatic and endocrine parameters  (Bauman et al., 
1985; Ronge et al., 1988). The higher insulin level in high producing cows in 
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the current study could be correlated with the lower glucose level in the same 
group. This response is probably attributed to high energy demand for milk 
production in high producing cows probably (Blum, 1985). 
 
 
4.3. Conclusions 
The results obtained in the current study indicate that under local 
tropical conditions when the temperature humidity index  (THI) exceeds 75 
during summer, dairy cows were exposed to heat stress which affect 
thermoregulatory response, serum metabolites level and endocrine responses; 
these responses influence the productivity and reproductive performance in 
dairy cows. Therefore, thermal stress in dairy cows can be alleviated by 
dietary manipulation, provision of shade and adopting modern cooling 
systems wherever feasible. Genetic manipulation is also recommended to 
adopt the percentage of foreign blood which will maximize production 
without reduction in heat tolerance of cows. The stage of pregnancy had 
significant influence on thermoregulation, erythrocytic parameters, serum 
level of Ca, P and cortisol.  
  The nycthermal effect did not influence most of the parameters 
because there was no critical change in climatic conditions during the course 
of study. High milk yielding influenced thermoregulatory response, blood 
constituents and endocrine response. 
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 اﻟﻤﺴﺘﺨﻠﺺ
هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ إﻟﻰ ﺗﻘﻴﻴﻢ ﺗﺄﺛﻴﺮ اﻟﺘﻐﻴﺮات اﻟﻔﺼﻠﻴﺔ ﻓﻲ درﺟﺔ ﺣﺮارة اﻟﺒﻴﺌﻪ و ﺗﺄﺛﻴﺮ اﻟﺤﻤﻞ 
ﻋﻠﻰ اﻹﺳﺘﺠﺎﺑﺎت اﻟﻮﻇﻴﻔﻴﺔ ﻷﺑﻘﺎر اﻟﻠﺒﻦ اﻟﻬﺠﻴﻨﺔ و إﻟﻰ اﻟﺒﺤﺚ و اﻟﻤﻘﺎرﻧﺔ ﻟﻠﻨﻈﻢ اﻟﻴﻮﻣﻲ ﻟﻠﺘﻐﻴﺮات اﻟﻮﻇﻴﻔﻴﺔ 
ﺖ اﻟﻈﺮوف اﻟﻤﻨﺎﺧﻴﺔ اﻟﻤﺪارﻳﺔ ﺑﻴﻦ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ و اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻤﻨﺨﻔﺾ ﺗﺤ
  . اﻟﻤﺤﻠﻴﺔ
اﻟﺤﻴﻮاﻧﺎت ﻷرﺑﻊ  ﻗﺴﻤﺖ(. ﻓﺮﻳﺰﻳﺎن-ﺑﻄﺎﻧﺔ)أﺟﺮﻳﺖ اﻟﺘﺠﺮﺑﺔ اﻷوﻟﻰ ﻋﻠﻰ أﺑﻘﺎر  اﻟﻠﺒﻦ اﻟﻬﺠﻴﻦ
وﻧﻬﺎﻳﺔ  ،ﻓﺘﺮة  اﻟﺤﻤﻞ ﻣﻨﺘﺼﻒ ،ﺑﺪاﻳﺔ ﻓﺘﺮة اﻟﺤﻤﻞ ،أﺑﻘﺎر ﻏﻴﺮ ﺣﺎﻣﻞ) ﻣﺠﻤﻮﻋﺎت ﺣﺴﺐ اﻟﺤﺎﻟﺔ اﻟﺘﻨﺎﺳﻠﻴﺔ
  .ﻟﻄﺒﻴﻌﻲ ﻓﻲ اﻟﻤﺰارع ﻓﻲ ﻓﺼﻠﻲ اﻟﺼﻴﻒ واﻟﺸﺘﺎءﺗﻢ ﺗﻌﺮﻳﺾ اﻟﺤﻴﻮاﻧﺎت ﻟﻨﻈﺎم اﻟﺮﻋﺎﻳﺔ ا(. ﻓﺘﺮة اﻟﺤﻤﻞ
ازدادت ﻗﻴﻢ درﺟﺔ ﺣﺮارة اﻟﺠﺴﻢ وﻣﻌﺪل اﻟﺘﻨﻔﺲ ﻣﻌﻨﻮﻳًﺎ ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ ﻓﻲ آﻞ 
 .اﻟﻤﺠﻤﻮﻋﺎت ﺑﻴﻨﻤﺎ آﺎﻧﺖ هﻨﺎﻟﻚ زﻳﺎدة ﻓﻲ درﺟﺔ ﺣﺮارة اﻟﺠﺴﻢ وﻣﻌﺪل اﻟﺘﻨﻔﺲ ﻣﻊ ﺗﻘﺪم ﻣﺮاﺣﻞ اﻟﺤﻤﻞ
ﻓﺘﺮة اﻟﺼﻴﻒ ﺑﻴﻨﻤﺎ اﻧﺨﻔﻀﺖ ﻗﻴﻤﺔ  ﻣﻌﻨﻮﻳًﺎ ﺧﻼل( bH)وﺗﺮآﻴﺰ اﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ( VCP)ازداد ﻣﻜﺪاس اﻟﺪم
ﻗﻴﻤﺔ اﻟﻌﺪ اﻟﻜﻠﻲ ﻟﻠﻜﺮﻳﺎت اﻟﺒﻴﻀﺎء ازدادت ﻓﻲ . ﻣﻜﺪاس اﻟﺪم واﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ ﻓﻲ ﻣﺮاﺣﻞ اﻟﺤﻤﻞ اﻷﺧﻴﺮة
  .ﻓﺼﻞ اﻟﺸﺘﺎء ﻓﻘﻂ ﻓﻲ ﻣﺮاﺣﻞ اﻟﺤﻤﻞ اﻟﻤﺒﻜﺮة
اﻟﺠﻠﺴﺮﻳﺪات اﻟﺜﻼﺛﻴﺔ ، اﻟﻜﻮﻟﻴﺴﺘﺮول، ﻓﻲ آﻞ اﻟﻤﺠﻤﻮﻋﺎت زادت ﻗﻴﻤﺔ آﻞ ﻣﻦ ﺳﻜﺮ اﻟﺠﻠﻮآﻮز
و  اﻧﺨﻔﻀﺖ ﻗﻴﻤﺔ اﻟﺠﻠﻮآﻮز واﻟﺠﻠﺴﺮﻳﺪات اﻟﺜﻼﺛﻴﺔ ﻣﻊ ﺗﻘﺪم اﻟﺤﻤﻞ .ﺧﻼل ﻓﺘﺮة اﻟﺼﻴﻒواﻟﻴﻮرﻳﺎ ﻣﻌﻨﻮﻳًﺎ 
  .ازدادت ﻗﻴﻤﺔ اﻟﻴﻮرﻳﺎ ﻓﻲ ﻣﺮاﺣﻞ اﻟﺤﻤﻞ اﻟﻤﺒﻜﺮة ﺧﻼل ﻓﺼﻠﻲ اﻟﺸﺘﺎء و اﻟﺼﻴﻒ
ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ ﺑﻴﻨﻤﺎ اﻧﺨﻔﺾ ( TSA)ازداد ﻧﺸﺎط اﻧﺰﻳﻢ اﻷﺳﺒﺎرﺗﻴﺖ أﻣﻴﻨﻮﺗﺮاﻧﺲ ﻓﻴﺮﻳﺰ 
ﻣﻌﻨﻮﻳًﺎ ﻣﻊ  TLAازداد ﻧﺸﺎط اﻧﺰﻳﻢ ، ﻓﻲ ﻧﻔﺲ اﻟﻔﺼﻞ( TLA)ﻳﺰﻧﺸﺎط اﻧﺰﻳﻢ اﻷﻻﻧﻴﻦ أﻣﻴﻨﻮﺗﺮاﻧﺲ ﻓﻴﺮ
  .ﻣﻌﻨﻮﻳًﺎ ﻓﻲ ﻣﺮﺣﻠﺔ اﻟﺤﻤﻞ اﻷﺧﻴﺮة TSAﺗﻘﺪم اﻟﺤﻤﻞ ﺑﻴﻨﻤﺎ ازداد ﻧﺸﺎط 
ازداد ﺗﺮآﻴﺰ آﺎﻟﺴﻴﻮم ااﻟﺪم ﻓﻲ ﻓﺼﻞ اﻟﺼﻴﻒ ﺑﻴﻨﻤﺎ اﻧﺨﻔﻀﺖ ﻗﻴﻤﺔ ﻓﺴﻔﻮر اﻟﺪم ﺧﻼل ﻧﻔﺲ 
  ﺰﺮآﻴﺰ آﺎﻟﺴﻴﻮم اﻟﺪﻣزاد ﺗﺮآﻴﺰ ﻓﺴﻔﻮر اﻟﺪم ﻣﻊ ﺗﻘﺪم ﻣﺮاﺣﻞ اﻟﺤﻤﻞ ﺑﻴﻨﻤﺎ اﻧﺨﻔﺾ ﺗ. اﻟﻔﺼﻞ
ارﺗﻔﻊ ﻣﺴﺘﻮى اﻟﻬﺮﻣﻮن اﻟﻤﻨﺒﻪ ﻟﻠﻐﺪة اﻟﺪرﻗﻴﺔ ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ ﺑﻴﻨﻤﺎ اﻧﺨﻔﺾ ﻣﺴﺘﻮى هﺮﻣﻮن  
ازداد ﻣﺴﺘﻮى هﺮﻣﻮن اﻟﺘﺮاي أﻳﻮدوﺛﺎﻳﺮوﻧﻴﻦ ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ واﻧﺨﻔﺾ ﻣﺴﺘﻮى . اﻟﺜﺎﻳﺮوآﺴﻴﻦ
اﻟﻤﺮاﺣﻞ  ارﺗﻔﻊ ﻣﺴﺘﻮى هﺮﻣﻮن اﻟﻜﻮرﺗﻴﺰول ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ وﻓﻲ. اﻟﻬﺮﻣﻮن ﻣﻊ ﺗﻘﺪم ﻣﺮاﺣﻞ اﻟﺤﻤﻞ
  .اﻷﺧﻴﺮة ﻣﻦ اﻟﺤﻤﻞ
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ﺗﻢ ﺗﻘﺴﻴﻢ . ﻏﻴﺮ ﺣﺎﻣﻞ( ﻓﺮﻳﺰﻳﺎن- ﺑﻄﺎﻧﺔ)ﻓﻲ اﻟﺘﺠﺮﺑﺔ اﻟﺜﺎﻧﻴﺔ ﺗﻢ اﺧﺘﻴﺎر أﺑﻘﺎر اﻟﻠﺒﻦ اﻟﻬﺠﻴﻦ 
درﺟﺔ ﺣﺮارة اﻟﺠﺴﻢ وﻣﻌﺪل (. أﺑﻘﺎر ﻋﺎﻟﻴﺔ اﻹﻧﺘﺎج وأﺑﻘﺎر ﻣﻨﺨﻔﻀﺔ اﻹﻧﺘﺎج) اﻟﺤﻴﻮاﻧﺎت إﻟىﻤﺠﻤﻮﻋﺘﻴﻦ
ﺣﺮارة اﻟﺠﺴﻢ وﻣﻌﺪل اﻟﺘﻨﻔﺲ ارﺗﻔﻊ ﻓﻲ درﺟﺔ . اﻟﺘﻨﻔﺲ ارﺗﻔﻌﺖ ﺧﻼل ﻓﺘﺮة اﻟﻈﻬﻴﺮة ﻓﻲ آﻼ اﻟﻤﺠﻤﻮﻋﺘﻴﻦ
ﻗﻴﻤﺔ ﻣﻜﺪاس اﻟﺪم .ﻣﺠﻤﻮﻋﺔ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ ﻣﻘﺎرﻧﺔ ﻣﻊ اﻷﺑﻘﺎر ذات اﻟﻺﻧﺘﺎج اﻟﻤﻨﺨﻔﺾ
  .وﺗﺮآﻴﺰ اﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ ارﺗﻔﻌﺖ ﻓﻲ ﻣﺠﻤﻮﻋﺔ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ
ﺛﻴﺔ ﻓﻲ آﻠﻰ اﻟﻜﻮﻟﻴﺴﺘﺮول واﻟﺠﻠﺴﺮﻳﺪات اﻟﺜﻼ، ﻟﻢ ﻳﻼﺣﻆ ﻧﻈﻢ ﻳﻮﻣﻲ ﻟﺘﺮآﻴﺰ ﺳﻜﺮ اﻟﺠﻠﻮآﻮز
، ﻗﻴﻤﺔ ﺟﻠﻮآﻮز اﻟﺒﻼزﻣﺎ. اﻟﻤﺠﻤﻮﻋﺘﻴﻦ ﺑﻴﻨﻤﺎ ﻟﻮﺣﻆ ﺛﺒﺎت ﻓﻲ ﻗﻴﻤﺔ اﻟﻴﻮرﻳﺎ ﻓﻲ ﻣﺠﻤﻮﻋﺘﻲ اﻷﺑﻘﺎر
  .اﻟﺠﻠﺴﺮﻳﺪات اﻟﺜﻼﺛﻴﺔ و اﻟﻴﻮرﻳﺎ آﺎﻧﺖ ﻣﻨﺨﻔﻀﺔ ﻓﻲ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎﺟﻴﺔ اﻟﻌﺎﻟﻴﺔ، اﻟﻜﻮﻟﺴﺘﺮول
ﻓﻲ اﻟﻤﺠﻤﻮﻋﺘﻴﻦ ﺑﻴﻨﻤﺎ آﺎن ﻧﺸﺎط اﻹﻧﺰﻳﻤﻴﻦ  TLAو  TSAﻟﻢ ﻳﻼﺣﻆ ﻧﻈﻢ ﻳﻮﻣﻲ ﻟﻨﺸﺎط اﻧﺰﻳﻤﻲ 
  .ﻷﺑﻘﺎر ذات اﻹﻧﺘﺎﺟﻴﺔ اﻟﻤﻨﺨﻔﻀﺔﺎأﻋﻠﻰ ﻓﻲ ﻣﺠﻤﻮﻋﺔ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎﺟﻴﺔ اﻟﻌﺎﻟﻴﺔ ﻣﻘﺎرﻧﺔ ﺑ
 6ﻣﺴﺎًء ﻣﻘﺎرﻧﺔ ﻣﻊ اﻟﺴﺎﻋﺔ  6ﻇﻬﺮًا واﻟﺴﺎﻋﺔ 21 ارﺗﻔﻊ ﻣﺴﺘﻮى آﻮرﺗﻴﺰول اﻟﺪم ﻓﻲ اﻟﺴﺎﻋﺔ 
ﻟﻢ . ﺠﻤﻮﻋﺔ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲازداد ﻣﺴﺘﻮى اﻟﻬﺮﻣﻮن ﻓﻲ ﻣ، ﺻﺒﺎﺣًﺎ 21ﺻﺒﺎﺣًﺎ و اﻟﺴﺎﻋﺔ 
ﻳﻼﺣﻆ ﻧﻈﻢ ﻳﻮﻣﻲ ﻟﻬﺮﻣﻮن اﻹﻧﺴﻮﻟﻴﻦ ﻓﻲ ﻣﺠﻤﻮﻋﺘﻲ اﻷﺑﻘﺎر ﺑﻴﻨﻤﺎ آﺎن ﻣﺴﺘﻮى اﻹﻧﺴﻮﻟﻴﻦ ﻓﻲ اﻷﺑﻘﺎر 
  .ﻋﺎﻟﻴﺔ اﻹﻧﺘﺎج أﻋﻠﻰ ﻣﻦ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻤﻨﺨﻔﺾ
ﻳﺔ اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻓﻲ اﻟﺪراﺳﺔ اﻟﺤﺎﻟﻴﺔ ﺗﺆﺷﺮ ﻋﻠﻰ أﻧﻪ ﺗﺤﺖ اﻟﻈﺮوف اﻟﻤﻨﺎﺧﻴﺔ اﻟﻤﺪار
ﻓﺈن أﺑﻘﺎر  57أﻋﻠﻰ ﻣﻦ اﻟﻘﻴﻤﺔ  إﻟﻰ (IHT)اﻟﻤﺤﻠﻴﺔ ﻋﻨﺪﻣﺎ ﺗﺮﺗﻔﻊ ﻗﻴﻤﺔ ﻣﺆﺷﺮدرﺟﺔ اﻟﺤﺮارة واﻟﺮﻃﻮﺑﺔ
اﻟﻠﺒﻦ ﺗﺘﻌﺮض ﻟﻈﺮوف اﻟﻜﺮب اﻟﺤﺮاري واﻟﺘﻲ ﺑﺪورهﺎ ﺗﺆﺛﺮ ﻋﻠﻰ ﺗﻨﻈﻴﻢ درﺟﺔ ﺣﺮارة اﻟﺠﺴﻢ و ﻣﺴﺘﻮى 
ﻞ اﻟﺤﻤﻞ أﺛﺮت ﻣﺮاﺣ.اﻹﻧﺘﺎﺟﻴﺔ واﻟﺘﻨﺎﺳﻠﻴﺔ اﻟﻜﻔﺎﺋﺔﻣﻜﻮﻧﺎت اﻟﺪم و اﻻﺳﺘﺠﺎﺑﺔ اﻟﻬﺮﻣﻮﻧﻴﺔ ﻣﻤﺎ ﻳﺆﺛﺮ ﻋﻠﻰ 
ﻣﺴﺘﻮى اﻟﻜﺎﻟﺴﻴﻮم واﻟﻔﺴﻔﻮر ﻓﻲ اﻟﺪم و ﻣﺴﺘﻮى ، آﺮﻳﺎت اﻟﺪم اﻟﺤﻤﺮاء، ﻣﻌﻨﻮﻳًﺎ ﻋﻠﻰ اﻻﺳﺘﺠﺎﺑﺔ اﻟﺤﺮارﻳﺔ
اﻟﻘﻴﻢ ﻷن اﻟﺘﻐﻴﺮ ﻓﻲ درﺟﺔ  ﻣﻌﻈﻢاﻟﺘﻐﻴﺮات اﻟﻤﻨﺎﺧﻴﺔ اﻟﻴﻮﻣﻴﺔ ﻟﻢ ﺗﺆﺛﺮ ﻣﻌﻨﻮﻳًﺎ ﻋﻠﻰ .هﺮﻣﻮن اﻟﻜﻮرﺗﻴﺰول
اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ ﻟﻠﺒﻦ أﺛﺮ ﻋﻠﻰ . اﻟﻤﺨﺘﻠﻔﺔ ﻟﻠﻴﻮمواﻟﺮﻃﻮﺑﺔ اﻟﻨﺴﺒﻴﺔ ﻟﻢ ﺗﻜﻦ ﻋﺎﻟﻴﺔ ﺧﻼل اﻟﻔﺘﺮات ا اﻟﺒﻴﺌﺔﺣﺮارة 
  .   ﺗﻨﻈﻴﻢ ﺣﺮارة اﻟﺠﺴﻢ وﻣﻜﻮﻧﺎت اﻟﺪم و اﻻﺳﺘﺠﺎﺑﺔ اﻟﻬﺮﻣﻮﻧﻴﺔ
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A1: Diurnal rhythm of rectal temperature (Tr) (ºC) in high and low producing dairy cows. 
 
 DAY 1 DAY 2 LS 
 
 6:00 AM 
 
 
12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
 
A  A38.28 ± 0.26a
 
 A 38.45 ± 0.31a   A 38.38 ± .24a A 38.27 ± .21a A 38.2 ± 0.18a  A 38.48 ± 0.18a  A 38.33 ± 0.16a  A 38.27 ± 0.21a NS 
B  A 38.15 ± 0.27a A 38.43 ± 0.23a A 38.35 ± .15 a A 38.18 ± .22a  A 38.15 ±0.2a  A 38.32 ± 0.16a  A 38.2 ± 0.18 a A 38.22 ± 0.13a NS 
 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) l are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small)  are significantly different. 
LS: NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
A2: Diurnal rhythm of respiratory rate (RR) (breaths/min) in high and low producing dairy cows. 
 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A36 ± 2.53 a A 37 ± 2.1 a A 35 ± 1.67 a A34 ± 1.26a A36 ± 2.19a A36.67 ± 2.42a A34.67 ± 2.42a A34 ± 1.79a NS 
B  A35.67 ± 1.97 a A 35 ±1.67 a A34.67 ± 2.07a A33.67 ± 1.97a A35.33 ± 1.63a A36.33 ± 1.51a A33.67 ± 1.97a A33.33 ± 1.63a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital)  are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
LS: NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
A3: Diurnal rhythm of packed cell volume (PCV) (%) in high and low producing dairy cows. 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A 26.17 ± 2.56a A 22.5 ± 4.18 a A23.5 ± 3.33a A23.67 ± 2.34a A21.83 ± 2.93a A23.17 ± 3.82a A22.5 ± 3.39a A24.17 ± 2.93a NS 
B  A 23.5 ± 2.35 a A 21.33 ± 2.07 a A22.33 ± 2.5a A21 ± 1.9a A21.67 ± 1.75a A21.67 ± 2.25a A21.8 ± 1.72a A23 ± 2.19a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
 
 
A4: Diurnal rhythm of haemoglobin concentration (Hb) (g/dL) in high and low producing dairy cows. 
 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A9.42 ± 0.97 a A11.17 ± 1.44 b A8.17 ± 1.69 c A10.17 ± .68 a A10.58 ± 0.38 a A11.25 ± 1.60 b A8.58 ± 0.86 c A10.417 ± 1.07 a *** 
B  A9.25 ± .99 a A10.83 ± .0.61 b A7.917 ± 66 a A9.58 ± .74 a A10 ± 0.77 b A11.17± 0.88 b A8.33 ± 0.61 c A9.08 ± 0.49 a *** 
LS NS NS NS NS NS NS NS NS  
 
   
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
***: P<0.001, NS: Not significant 
A: High producing cows           B: Low producing cows. 
A 5: Diurnal rhythm of plasma glucose concentration (mg/dL) in high and low producer dairy cows during 
48 hours. 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A36.67 ± 5.16a A60 ± 10b A59.17  ± 10.68b A56.67  ± 6.06b A 58.33 ± 8.16 b A 58.33 ± 6.06b A 53.33 ± 6.06 b A 57.5 ± 4.18 b *** 
B  A46.67 ± 19.92a A62.17 ± 8.61b A60  ± 7.07b A56.67  ± 2.58b B 60.33 ± 6.07 b A 65 ± 4.47 b A 59.17 ± 3.76 b A 59.17 ± 5.85 b ** 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
   **: P<0.01   ,   ***: P<0.001, NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
 
A6: Diurnal rhythm of plasma glucose concentration (mg/dL) in high and low producing dairy cows. 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A120.67 ± 20.04a A111.33 ± 19.94a A125  ± 12.42 a A 115.17  ± 18.88a A 123.67 ± 16.88 a A 101 ± 15.19 a A 114.17 ± 18.42a A 126.67 ± 16.4 a  NS 
B  A149.67 ± 15.6a A145.83 ± 18.49a A151  ± 20.95 a B 154.76  ± 24.82a A 147.17 ± 16.45 a A 129.17 ± 9.0 a A 148.17 ± 12.68 a A 142.16 ± 6.69 a NS 
LS NS NS NS * NS NS NS NS  
 
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
*    : P<0.05, NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
A7: Diurnal rhythm of serum triglyceride concentration (mg/dL) in high and low producing dairy cows. 
 
 DAY 1  DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A12.95 ± 4.53a A12.95 ± 4.53a A16.65  ± 6.08a A16.65  ± 6.08a A14.8 ± 5.73a A16.8 ± 4.73a A12.95 ± 4.53a A12.95 ± 4.53a NS 
B  A18.5 ±5.73a A16.65 ± 6.08a A18.5  ± 5.73a A18.2  ± 5.6a A18.5 ± 5.73a A18.5 ± 5.73a A16.65 ±  6.08a B18.35 ± 4.53a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
A8:  Diurnal rhythm of serum urea concentration (mg/dL) in high and low producing dairy cow. 
 
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant 
A: High producing  cows           B: Low producing cows. 
 
 DAY 1 DAY 2 LS 
    6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A28.83 ± 4.67a A28.33 ± 5.89a A30.83  ± 4.8a A25  ± 6.29a A28.5 ± 5.82a A33 ± 2.1a A33.83 ± 3.0a A31.67 ± 4.29a NS 
B  A31.17 ± 6.85a A30.17 ± 3.6a A31.67  ± 4.3a A29  ± 6.78a A31.33 ± 2.88a B36.83 ± 3.9a A35.17 ± 2.93a A36.17 ± 6.43a NS 
LS NS NS NS NS NS NS NS NS  
A9: Diurnal rhythm of serum alanin aminotransferase (ALT) activity (U/L) in high and low producing dairy 
cows. 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A 16.67 ± 2.5 a A 16.83 ± 1.3 a A 17.67  ± 1.8 a A17  ± 2.1a A17.17 ± 1.94a A16.5 ± 1.32a A16.17 ± 2.71a A15.67 ± 2.34a NS 
B  A 13.83 ± 5.49 a A 13.5 ± 6.44a A 14.67  ± 6.9 a A15.76± 7.39a A15.67 ± 6.56a A14.17 ± 5.42a A14.67 ± 5.57a A14 ± 5.40a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant) 
A: High producing cows           B: Low producing cows. 
 
 
A10: Diurnal rhythm of serum aspartate aminotransferase (AST) activity (U/L) in high and low producing 
dairy cows. 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A 47.83 ± 3.31 a A51.33 ± 5.35 a A 51.5  ± 4.64 a A 51.33  ± 5.61 a A 47.5 ± 6.09 a A 48.67 ± 5.47 a A 50.67 ± 5.35 a A 50.33 ± 5.20a NS 
B  A 42.67 ± 11.64 a A43.67 ± 9.03 a A 47.17  ± 6.08 a A 48.83  ± 5.34 a A 46.67 ± 5.35 a A 47.33 ± 5.01 a A 48.17 ± 5.19 a A 49.5 ± 3.78 a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant 
A: High producing cows           B: Low producing cows. 
 
 
 
A11: Diurnal rhythm of serum cortisol level (ng/ml) in high and low producing dairy cows 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A8.39 ± 3.7a A12.6 ± 4.2a A9.91 ± 2.17a A8.76 ± 2. 6a A9.01 ± 1.9a A13.8 ± 3. 8a A10. 8 ± 2.7a A9.6 ±1.4a NS 
B  A7.85 ± 2.2a A10.7 ± 2.6a A8.45 ± 2.88a A7.67 ± 2.1a A7.16 ± 2. 3a  A9.4 ± 2.1a A8. 1 ± 3.3a A7.6 ± 2.3a NS 
LS NS NS NS NS NS NS NS NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) l are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
LS: NS: Not significant) 
A: High producing cows           B: Low producing cows.   
 
 
 
A12: Diurnal rhythm of serum insulin level (mIU/L) in high and low producing dairy cows. 
 
 DAY 1 DAY 2 LS 
 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM  
A  A 9.71 ± 1.6 a A 8.57 ± 1.75 a A 9.42 ± 2.68 b A 9.17± 3.2 a A 10.12 ± 4.17 a A8.75 ± 1.27 a A10.16 ± 1.9 a A11.06 ±2.07 a NS 
B  A9.34 ± 2.8 a A 9.81 ± 1.33 a A 9.14 ± 1.37 b A 8.61 ± 1.7 a A 10.05 ± 2.06 a A 8.86 ± .98 a B 7.34 ± 1.73 b A 9.35 ± 2.9 a NS 
LS NS NS NS NS NS NS ** NS  
 
A, B, C : Mean values within the same column with different superscripts (capital) are significantly different.  
  a,b,c : Mean values within the same row with different superscripts (small) are significantly different. 
NS: Not significant) 
A: High producing cows           B: Low producing cows.   
 
 
